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CHAPTER 9
Topics in Analytic Geometry

Section 9.1 Cireles and Parabolas

ffocns) not on the Lne.
B The

(2} Vertic:

g i

[y = k¥ = dply — kL p o+ {2

{a} the hne theough P and the focus,

{by the axis of the parsbola.

andard equation of a parabola with vertex (1, £} and

B A parsbola i3 the set of all poing Lx, v) that are cquidistant f

B The tangent line 1o 2 paraboli at 2 point P makes equal angles with

om 4 fied fine {directrix) aod a fixed point

Vocabulary Check
1. conic section 2. locus
% wertex

&, parabols, divectriz, focus

A

3, circle, conter

G axis

1ot vt (LIRS
ks A - ‘“J“

Ay

Center: (0, 03 Center: (0, 0)

Badws: 7 Radins: 1

~§
3
v

ix

PHameter

-

G {x + 2P+

Center: (—

Fadius:

4
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Section 8§ Circles and Porabolas 773

18,

18, {

6. 9 +

21,

x4+ 97 + (y+ 13 =138
Center: (-9, ~ 1}

Rading: &

Canter: (0, 0

Radiusg, 2

Center: {0 ()

5
- M ~ -
Fadios: m:%

3

{x = 100 + 25} +

(e~ 5P + (y ~ 3P

LA

3}

Cenger: |

Radigs: 3

fx & 8]+ Oy - 4y

Comter: {1, 0}

Hadius: 4

(v — 6y + G) = —25 + 25 + 0
= 9 Mx+3f +aly - 3P =

B (= 1P 4 42 = 15 12, 54 (y + 120 = 24

Center: {1,400 Center: {0, — 17}

Kadius:

Jo | ek

Center: {0, ()

Radius: 3

k- 1P +H{y+3P=1

3

Center: (3, — 3}

Radius: |

& 3 : ; :
P G A - By 9) = —41 4§ 36

19, 4lx

T3 \

b & %
Center: {3, 3}

Radig: |

+ 4y =~ 17+ 81+ 36
= 100

3z, w? o= B oy
Xt oyt = 8

Center: (0, ()

o Radine: 9
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23 XA dx vyt v dy -1 =0
P4 ded @+ (P + a4y t4i=1+4+4
x4+ 2P +{y+2P=9
Center: {—2, -2}

Radios: 3 L

Ea
L

T b b oyt b By b 40 = 4
(F ~ Mdx + d) + (y2 + By + 16) = —40 + 49 + 16
(x = TP+ (y = 4 = 25

Center: (7, — 43

Badms: 5

26. X Br kYR 12y o+ 4L =0

(7 4 6+ 0) = (- 12y + 36) = —dl = 9+ 36

Badiog 2

Centey: (3, ~ 5)

Radiug: 4 e e :

29, y-intercepts: {0 — 2P + {y +

(e br+ 9} + (3 6y +9) = ~ 14+ 9+ 9

Cerder: (3, ~3)

Xt by oyt

by + 4 =0

(= 3+ (y +

Radius: 7

(x4 17+ 2

Center: {— 1,

Hadiug: &

(6, 3+

x-imtercepis: {x — 25 -+

3}

=4
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Section 9.1 Cireles and Parabolas

PEgy

(0,4}

cintercepts: (x 4 55 4+ (6~ 4F = 25

Bt

32, ventercepts: Lety = O
IR VAT S R
No solation
No v-intercepis

-ineroepts:

34, yintercents: (O 4+ 79 b fv - BV = 4

o sotution
N y-intercepts

x-interoepts: (x o+ 732 4+ (0 - 8)F = 4

- 64

No solution

Mo reintercepts

B v-intercepts:

33 vintercepts:

No solution
Mo yeinferoerds

geindereeptsr Ly

v BT

(<}

Yo were 81

Boundary,
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36,

44,

43

6.

&4,

{3} Arga = PR

poes 23 Q37 feet

o gy
Voerten: {6, 03

Cpens to the left since p s

negatve,

satches graph (o).

Opens 1o the lelt

Matches graph ().

Verten: (5, 0)
Graph opens spward,

Xt dpy

Poant on g

[N

woTmo

Yertex:

Dhrectring y o o~ |

27.640

41,

44,

47.

Oprens upward
Matches graph (o)
dx - 3

5

Yegtew: (3, 1)

Crpens o the right since pis

pOSHive.

Matches graph {a).

2,61

Posipin {=—

42,

[ #33

. Focus: (G, 17 =

Yerten: {0, )

Upens downward since 7 is

negative.

Marches graph (d).

Opens downward

Matches graph (¢

Vertex: (0,00 == = O,k w

kX

Focus: (0, ~3] = p o=

i H

=

dpy = 41y

Ead
H
e+
et

Vertex: (0,0 = A= k=0

Phrectrii: @ = 7 = Do

Yy

i
¥

= A i3

—

P
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Section 8.1 Circles and Porabolas

7T

52, Divectri x = ~3 =3 po= 3

yo o= 4px

2= y2x

i
&

Hortzontal axis and passes through the point {4, 3

(v &P = dplx - h)

= dplx — )

o
&
li

iy
i
o
i
e
L
s
£r
=)

Vertex: {00}
Forus: {@., %F

Dhrectrin: vy = ~ 3

Vertex: {0, 4

Focus: {0, ~+&)

. . i
Pirgctriz: vy »= ¢

Vertioal axis

Passes through {3, — 3

Yoo e fy
v = d=Yei p = -
Yertax, (0.0
Focus: é:’, €}}

. , 3
Dhrectrin: ¥ = 5

; s 2 1
P 1
54 v = 3 59, &7+ 8y = 0 66. 0 = ~x
3 L3y LY, o . AT S & YR i
vt om= Al poe g = A=Ay pe 2 = dtetlep = -
Vertew: (0, () Vertex: (6.0} Yertex: {303
Focus: 12, 0 Focus: {0, -2} Focus: (%, 0]
Directrix: © = —7 Dipectriz: v = 2 Directriv: 1 = 3
: 5
- )
; .
! 4 L3
: E
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#3.

65, {r +

57,

bl k= =3 p s ]
Vertex: (-1, —3)
Focus: {1, ~ 5}

Direcirix: y = — 1

Vo by b Bx o+ 25 =0

Vertex: {—2, —3} :
Focus: (4, —3) 24

¢ £y
Drectrie: x = () T

Vertex: (-3

Dhrectrin: v o=

y = o 2x 5
dy — 4 = [y }F
o = 1)7 = 4y — 1) :
w ol doe g o=
Vertex: (1, 1) =
Focus: {1, 7} _ .
. —

Direcwrix: vy = 6

B2 (x — 5 + (v + 47 =10

(y+4F = —x~ 5 = al-)e = 5)

Vertex: (5, —4)
Focus: i\% - I An.; =

Dhrectrin: x = 3

ertex: (1.2}
Focus: (68,2}

Directrix: x = -3

v

Vertex: [ —3, 1}

Fovos: |

Directrin: y = €

Vertex: (8, — 1)
Focus: (9, — 1)

Eirectrig: o= 7
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Section 9.1 Circles and Parabolas 779

71y

-3
Lo

76,

Focus: {—2, 1 — 2

Dhrecirix;

g
Verrex: {3,

Focus: (0. —3

Prrectriy: x =

Fo use a graphing
calculator, enter

. Vertex: (3.1

opens downward

Passes through: (2,01, (4. 03

fx — A = dply — &}

2ix ~ 4}

74, Vertew: (5,7

76, ¥t - 2x o+ By £ 9 =0

Vertex: (1, -1}
Focus: {1, 3j

Dhrecirin: y = |

TZ.

Yertex: {— 1,0
Focus: 1.0

Directriz: x = ~ 32

3 o= k= 5 ko= 3 TE Vertex: (-2,

. opens {o the right
Passes through: (4.5, 4} P =

Focus: {3

{y = 1 = dplx ~ h)

3 ;’7€X =:%} 5 o

4p{d3 — 5

[,

7. Vertex: {5, 73
Focus: {3, 23
Hortzontal axis: p o= 3~ 5 = 7

(y = 2)% = ~8(x — 5
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7%, Vertex: (- w5 o ) T4, Vertex: (. 4)

Ditrectrin: y = 2

#1. Foous: (2,2} 82, Focus (0,08

Dhrectrin = 2 Dhreciriz: v &= 4 == p

Honzontal axis

The puint of angency s
Tl it ovf ' 8 F & {6, 3%

Phe pomt of wngency s A
(2. 4%

.
ey
R4
o
5
TH

frp o

- ®, Fangent hine

Pety = O s p = 2 w x-intercept (2, 01

860, Vertew:

i
i

P

2z, E} ke B e

= i

=
.\_\\
T N
= i,
\?\5\-
S USSR

& Houghton Mitiin Company. Al rights reserved.



Section 9.1 Civeles ond Porabolos 781
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|

Py Focus: |0,

Fres: ( 0 I} Following Example 4, we find the yintercept {0, b}
seus: 05

b=z

L S el SO Sl s’ A ‘ _ i . |
m = f+ 1 - - Lety =0 = 5= T s x«m{m‘cs;nz( “““ 5 {}X.

i
i
o % 7

Tapgent line: v = —Jx — = = Gx + 2y + H =

x-intercept: ( e i}}

Loy o= - dx?, (2, B 8% R = 378x - -yt

s | "g)%, e pom e # 58 a maimurn of 523,437.50 when
‘ x w125 wlevisions.,

ra ; b .
Foous: {{l - } #6260

B/ [ /m\

dy=—+5 : Sl

WE e
£ Pt oot b | 2

d, =

k m
3
i
&
st
e
A
. g‘
e
+
0 | e
m-)
i
[l
ZK“;M
o

dy=dy =5 =4 b= = b= g

Mmoo e = ]

y o= By o+ R

Interceps: {1, 3



T8 Chaprer §  Toplcs in Analytic Geometry

i x* 3
1N 2o Ay I8 —e T s (23 x? = Yo o e
@il (a) X dpy (I 5 3988 G1. () x gy, p 3

| 12,288 f
kS ]’Zj ————— e yeom [_‘,i‘

w7 | -._2)"" oW -

1024 = ~p 512 = &7 {or y* = 6x}

x == 206 feet (b} Whenx = 4,

g2, 1% = 4py. (6, 4) on parabola ; 93 () ’ by ¥ = dpy

&
36 = 4pl4) : B40° = 4pl157}
i, 43 .
The wire should be inserted © 4 y o :g%,gg X
2 inches from the bottom. \ | / .
R 3z 4 3

G0 (400 500 | sn
vl o] 1484 [ 5638 | 9277 | 133.59

94, (a) % = 4py passes through point (16, ~ £]. 95, Vertex: {0, 6]

256 = 4p{ %) =~ 160 v dpx

= 4{— 160}y Point: (1000, 800}
8007 = 4pl1000] = p = 160

Xt om - BAGy or v o= ,z; 2
iy - i o= - 5%51: men x = B feet Vg;‘i o 4{;6{}}\{

v fa0x

96. (2) V = 175002 mi/hr = 24,750 mi/br 97, - 125(y - T.125) = (x — 6.25)"
by p = — 4100, th &} = (0. 4100} ~ 12,5y + 890625 = &% ~ 1255 + 39.0625
(r — OF = 3(— 4100}y — 4100] yo= 0082 + x4 4
= 16400y - 4100) (a)

() The kighest pointis at (675, 7.123), The
distance is the y-intercept of = 1560 feer.
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Section 9.1 Circles and Parabolas 7183

8. {a)y X%

> xt = 75(64)

= ox o= 693t

194, The slope of the line joining {— 5, 12} and the
I o .
center is —~ . The slope of the tangent bine
ar{~5 12} s 1%1 This,
5

3= 12 = x4 5)

bt

12y — 144 = 5¢ + 25

Shx o 12y 4+ 169 = 0, tangent line,

P . . Ce . f Iy 4 v i e, . F
182, The slope of the fine joining {—2./5, 2} and the center is 2/(~2./5) = — 1/

The stope of the tangent Hoe s /5. Thus,

E 3 . sl
v 2= S+ 25

143, False. The center is (0, — 5] 84, True

6. False. A parsbols cannot
infersect its direcinix or focus.

7. True

99. The slope of the line joining (3, —4} and the center
is ~ £ The sloge of the tngent Jine at (3, —4)is 2.
Thus,

¥4 o= ol 3

Ay 4 16 = 3y — @

3x 4y = 25, tangent Hpe.

i

161, The slope of the line joining (2, ~ 22 ) and

; ; - - N T
the center 13 if ----- 2.2}/ = = /7 The slope of

the tangent ling is 1/ JI= V272 Thus,

- . ' . P
v+ IS = e - D)
: i Ve
Iy + 42 = JIx - 2%

i~ - . .
J2xo— 2y o= 62, angent ling,

y
LAad

185, False A cicle s a conic
SECE0n,

168, False The direcirin vy = —3
s helow the r-axis,

109, Answers will vy, See the reflective property of parabolas, page 599,

118, The graph of X7 + v7 = 05 & single point, (0, 0}

t

The plane intersects the double-napped cone at the vertices of the cones.
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Belative maximum: {—~ 087, 3.78) Belettve mimimune — 113 at x = - .75

Felative mintrune (067, 4223

T 116, flx)

F
o,
e
e

Belatve minimun: (- 079 081 Helative nunimur: 211 at €88

i

Relative maximum 111 ar — 588

g

bt

Section 8.2 BElipses

B A elfipse s the ser of afl poins G, ) the sum of whose distances from two distingt fixed potats (foei)

tn constant

Fa

B The standard equation of an ellipss with center (k&) and major and minor axes of lengths 24 and 28 is

wros b e s e magor axts 15 horizontal.

(b - e et = e myaioT AXE 1S vertical,

BE The cocentricity of an eliipse is ¢

Yocabulary Check

1. elhipse Z

Lad

PR ANES 4, ecoontnicity

-

er: {3, )

N g o= A ko= a5 ho= 7

5,

Vertioel maor axis Horizontal major axis Vortical major axis

Miatches graph (b) Matches graph (¢ Maiches graph ().

£ Houghton Mifin Company, Al rights reserved,
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Section 9.2 Ellipses 788

4.

11,

x Y
R |

4
Center: {030}
a=2% k=1

Horizontal major axis

Matches graph (£}

Horizonial major axis
Horizontal major axis Matches graph (e}
Muatches graph (a)

by 3
X B

pre— ,é, S T H
I T
Center: {4, )

£,

=t (}" b fg.s

if
YVertices: (8, ) o
) re
Focir i /55, 0} -
¢ \,-’/ 55
i 5

Cemter: (4, ~ 1}
a=5hb=4,¢=3
Vertices: {4, — 1 & 5% (4, —6), {4, 4]

Foci: (4, —1 & 3% {4, —4] {4, 7}

9/14 ' S

Center: {(—5, 1)

' ¢ = VB = 16 = 65 )
Yertices: {0, &%)
Foci: (0, + J85)
¢ J63
o, BT oA
12 P
Center; {3, 7}
@=4 b=32 0 e 16 - 12 =7
Focit (3,2 ¢ 20 {~3, 95 {-3, 4}
Vertices: {—3,2 2 43 (-3, =25 {3, 6}
o F i

T




TRE  Chaprer 9 Toplcs in Analvtic Geometry

3]
Lo
[ —
———
P
g
Lin
[

Yook {3 T
y

Vertices: {~3, —4), {1, —4)

Hoeentricity:

fCy

i3

() a=6b=2¢c=J/36—4= /3 =472
Center: (0, (1
Sertices: {46, (0}

Foci: (4.2, 0}

Q%_"}j oo b= e o= \V,/Ié — .\(-"IE 5
Center: 10, 0}

Vertices: ({0, 24

15, (a} Gx? A 4y b 36x - 24y b 36 = 0 (o)

Gly? 4 dx R 4+ A0S = By + 9 = 36 - 36 b 36

4 g
W oa=3b=7%c= /5
Center: {(~2, %)
Fock: {~2.3 £ J5)

Vertices: (2,61 (—2, 0

€ Houghton Mitlin Company Al rights reserved.
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Secfion .2 Ellipses 787

B4, (e BT - b O A(yE 4 10y + 28) = 37 + B+ 100 (o)

Center: {3, 5}

fy

Foci {3, -5 + 2./5}

7. {8 fat 4 2 18— M 4 2 = 0 ey

oy L L 25y .
ﬁ{\g?“ + 3y o+ .i,} “+ EQ}: - 5y + ij s
6px 5] 2y - 5) = $

)y am= 23, b= 2, 0= 2./2

E

18, (ay {x° —

(e}

ihy
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1% {a}

2 (=)

(k)

21, (&

(b}

1627 + 2597 — 32x + 0y + 16 = 0 (cy

Gxt 4 285y — 36k - SOy 4 61 = 0 )
Gixh — dx b 4) + 25057 — 2y + 1} = —6] + 36 + 25

Diegenerate ellipse with center (2, 1) as the only point

P27 b 20yT 12k b A0y - 3T = O (e}

Y

e
y

EZ(}{E B Dy A Dy b 1) s 37 R 5 20

‘e ey oy
a= 5 b=he= V5 3= /2

Cemter

e ;
Focth 1=+ /2, ~ 1)

Bocentricity:, — = =gz = —
143 )

@ Houghton Mifflin Company. All rights reserved.
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Section 2.2 Ellipses 789

Fr E

23 Center: (0,0} 24. Vertices: {2, 0}

£l owE :.i.} b

Endpoints of minor axis: {0, £ |

Vertical major axis

6.

27, Center: (0,05

o d s B Nar . \:_,'7_
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Lo
t2%

Center; (0,05

Wertical major axis

{x — k¥ " {} -k
bt )

E ¥
T e e o |

w25

Point: {4, 2)
@
K225

i 4 11

e ] e e
b 25078

R
21
2 2
——~-£ -------- L :iw wn
A/ 3T 25
e

. Center: (2,3}

a=3h=1

Vertical maior axig

Hortzontal major axs

PN %4 [y e 2
e -4y -2

16 i

. Cemer: (0, 4)

e=4 =18 =2 B = g8 ~ o7 = 224 —

Yertical maior axis

XL-Z , g% — 4}2

08

= ]

34

32

34,

Vertical major axis
Passes through: (0, 4} and {2, O)

a=4 b =72

Vertices: (0.~ 11, (4, -

Center: (2, =1} =2 & =2k = —1

Center: (2, 0)

e

]

e da=d s Pwmagl e ot w G- g
Horzomal major axs

(}: o 2\}? ke E’i e )2.
G S5

® Houghton Miffiin Company. Alt rights reserved,
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Secrion 9.7 Ellipses

THE

4,

43,

Center; (2, =1} =2 h=0k= —1 7 Vertices: {3,1L03,9) a= g = 4

3 Center: (3, 5)

Minor axis of length 6 = b =

inor aviy leneth: 2 == b o= 1 . . .
Minor axis length: 2 =» & Vertical major axis

pw
[
L
it
4
o
L

Center: {3,2) = (A k) 34, Cepter: {0, 4

Wertices, (4, Q}R {ﬁ 'ﬁ} P - 4

Boci: (1,2),(5.2) = e = 2.a =6 PR TR G

Bom gt = A8 - 4 = 32 T 4R e B s B o= 1D
b = By y = kP Horizonial major axis
“ b (c = hP | {y— &

{J: e '%} (‘3’: o 2}. 512 {,f,}:?

Yertices:

{5, 00,5, 12} =» g =6
Endpoints of minor axis:
0,60, {13, 6) == b= 5
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44, dx? o+ 3y? - Bx 4 18y 4 19 = 0
Hy? - Tx + 1) E Hy A+ Gy + Y=~ 019+ 4+ 27

A~ 1R 4 3y + 3 = 12

- 17 |

. . 4
FEocentricity: — = = = 0= —q 5 4

B o? 67 25 - 16 = O
Center: (3 0)

Horizontal omapor axs

47, (ay : ity Vertices, (£30,0) = 4
IR

Height at center

8 7‘ ﬁ{} fosage:3 b == [L{}
. {148

Horrontal major axis

3 n
(30, ) O
A S oty =
FLIE i} a* b-
33 -
x° ¥

. ertices: (0, 28]

Hocentricily: ¢ =

N Ly20

4 — =
2504 P0G

8. @ (B) a = 16,b = 12

a Y
o x* Ve
[ I A

756 144

L
]
’ 3
49, Let— + = = | be the equation of the cllipse. Then b = 2 and

it {:;%: e %'}‘]4 The string bas a kength of 2o = 6 feer

— =y 2z {

= ¢f o gt - B = 8 - 4 = 5, Thus, the tacks are placed

= g= 8 h=0LL=0

v o= 17.44

The height five feet from
the edge of the tunnel 13
approximately 17.44 feet.

(o) When x = 16,

1y
P 4. . P
¥ P44 ; s

v G4 > g

Hence, the truck wiil be able
to drive through withent
crossing the center Bne.

& Houghton Miffiin Company. All righis reserved,
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thop 2.7

Elipser 133

i
w

Center: (0,00, 4 = 097

Zoow 3588 = og w0 1784 = g’ = 32184
{74018

1902

a o= 947 + 637§ = 7323

= 228+ GRTE = 6606

a -
Zaoe 13,931
o B9655

o= T35 - 69655

1. Aves of ellipse = g of circle]

ol =

A0 e

Length of major axis: Jo = 20000

tpx
in

tr
e

Podnts on the elf
(£3.00 (0, 24

Length of atus rectas
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58. 957 + 4y = 36 ’ 59, 52 + 3% = 15

XZ },Z 42 L
22 2L 8
4 4 3 5

o= S5 b= J3,

Pointy on the ellipse:
{2, 00, (0, +3)

S

Pength of latus recta . .
=hgth ot Points on the ellipse:

o 2-2 8 (+.3. 0], (0, 25

Length of latus rectar — = F B

. . ,'f; _\ /u%. ,;“ & o) 3
Additional poinis: ( _Lay - ’3) ( i--%:, \/’3) ” _
o Lo By s A VE .
Additional points: Lot — /2, (ﬁ:‘"mw, JZ |
3 kS TR 5 }i
&0, Answers will vary. &1, True He = 1 then the ollipse s elongated, not
CITCUIAL,
&2, True. The cilipse i inside the circle. &3. {ay The length of the string 15 2a.

() The path is an ellipse because the sum of the
distances from the two thunbtacks is always
the lengih of the string, that 15, i 15 constant.

66 @atb=2 = b=120-4 ©lals o won 1 B

A= gab o= owa20 — a)

DA | 3016 300G | 3142 | 3110 30616 | 2854

(b} 264 = 720 — a)
(d) =

ot - Hima - 264 = 0 s

a = b or a = &by the Quadratie Formula / 5,
/ %

b= & bou= id / ) o
&

Since a > b, we choose g = ldand b = 6 ' ' _
The area s maximurn when g = b o= 10 and

Z e o .
A S| it is & circle,
ER
Xty
P96 36
) 3
) _ 242
&5, Center {6, 2) 66, b e ]
at b
Focir (2,70 010,72} = ¢ = 4 X
A ' The sum of the distances
fa+ch+lg—cf=2a=73 = g= 1% from any point on the
B B o b= SR 16 = 08 ettipse to the two foct is x
' N ’ constant. Using the vertex
Horizontal major axis {a, O}, you have

x — 67 {y— 2P
324 0%

{g+ ¢y +dag— ¢) = 2o

From the figure,

@ Houghton Miffiin Company. All rights reserved.
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Section 2.3 Hyperbolas  79%
67. Arithmetic: o = — 11 &8. Geometric: r ===fg 69, Geometge: r= 2 70. Anthmetic: o = |
4] ‘ 6 7 H T ) 1 AT .
7E S 3= 1093 723 (=3 = 547 T3y alg) = 15099 74, > slg) = 340,155
Py gy’ s R ]

Section 9.3  Hyperbolas

B A byperbola is the set of all points {x, v} the difference of whose distances from rwo distinet fixed points
Hoct) 18 consiant,
B The standard equation of 2 hyperbola with center (&, &) and transverse and conjugate axes of Jengths
o andd 2B s
(- BE (y - K

{a} ” - 2 = 1 if the mansverse ands is honzontal
a b
. vz w73
{y ~ k¥ {x— 0 » . .
(b ' - = 1 if the rangverse axis is vertical.

ot B
B ="+ b where ¢ is the distance from the center 1o 2 foous,
B The asvmptotes of a hyperbola are:

b . ) .
{ay v =k + —/x 7y if the wansverse axis is horizontsh
i

by v =& % g{,}t ~ h} the ransverse axis is vertcal.

The eccentricity of a hyperbola s ¢ = {%_

To classify a nondegenerate conic from is general equation Ax® + Y2+ Dy + By + F = {&
(o) A = C{A # 0,0 # 0y, then it 18 a circle.

(by HAC = 004 = Jor & = 0, but not both), then it is a parabola.

¢y ¥AC > O, then it i3 an eflipse.

(dy IfAC < @, then it is a hyperbola.

Vocabulary Check

i, hyperbola 2. branches 3. transverse axis, center
4, asympioies B oA + 0yt 4 x4+ Ev 4+ F= 0
1. Center: (0,0 z. Center: 0,07
a=73hb=5¢= /34 a =5 b=3
Vertival transverse ayis Vertical fransverse &xis
Matches graph (), Matches graph (¢}
3. Center: (1,0} 4, Center: (— 1,2}
g=4. k=12 g=4, b =3
Horizontal transverse axis Horizontal fransverse axis

Maiches gragh (4}, Matches graph ()
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it

Xﬁ A }LZ a
- /%
a= 1 b =1 0= /2

Center: (0, 0

YVertices: (1,

Foet: 4+./2, 0}

Asymptotes: v =ty

, A
wooox

fl—— e §

t4

Center: (0, 0 R

Vertices: ({3, £1} T .

s

Foci: (0, £/5

H
Asymplotes: y = £

Center: {1, 7}

Yertices:
(=1, -2}, (3, -2

Foct: {1+ /3, —2}

Asympiotes: v = ~2 + ~{x — 1}

16,

12

4 2
x° o

Vertices: (273, 03

Faot: f +./34, 0}

b
:

Asymprotes: v = d-x = ko

=
Lk

R ;5
r 2
E D e s

=] Vf’i'%w?w;i:m{i == "v/%

Center: (0,0}
Vertices: {8, +3)
Foci: {& & \/%"@j

Asymptotes, y = 05

Center: {0, 0}
Vertices: (56, O

Foci: (+2./10, 0}

i
Asymiptotes, y = i?}:

39 (y - 2P
144 25

Center: {(—3, 21

g = 12, b =3 ¢=13

Vertices: (— 13,25 (5.2)
Foci: {16, 21, {10, 2}

Asymptones:

5 :
y o 2k iy + 3

¥4

& Houghton MiFflin Company. All rights reserved.
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Section 9.3 Hyperbolas 797

532 fx — 131 T (x + 332
} “““ . A } = 1 14, _( - E} % l J = 1
/9 1/4 i/4 /16

i3

A
f\}[;mv\
L3
N

b

Center: (1, —5) AT

Vertices: éﬁﬁ ~5 i) (E - L{:} (1 Wi%)

/

. %
Fooi: ( I, 8% & T}

\

Asympiotes: v = & = ~{x — k}

W a
fge s
i [ . i
% P Y
p
-3k N

15, (a)y 4x” —~ O9y? = 36 i6. (ay 250% - 4yt = 100

2wt )
SN 1

Vertices: (%3, O Vertices, {7, 03
=13, 5}) Foct: ft 29,04

7 2 b 5
Asymptotes: y = I—x = hex Asvinpiotes: y = kex o= B
a 3 ) i 2

(e} ’ {c}
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17 (a) - 3 =6 {c}y To use a graphing calcalator, sobve first for v

(b}

Center: {8, 00

§

-

s

. 4 7
Yertioes: 10, &0

Foct: (0, £3)

Asvmipiotes: y =

LRy G® -y - 36x - By b 1E = 0

20, (s} £ 9 36y - T2 = O
¥ 90yt e dy o+ 4) = T2 - 36

8] {e)

Hyperbala

Asymptoies

By =600 =1, ()

[

Center: (8, 2)

Vortices: (46, 73

- . {
Foci i+

Asymptows: p = 2ok -y

€ Houghton Mifflin Company. All rights reserved,
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Section 9.3

Hyperbolas

T

21

23

{a} = 97 o+ dx — B4y — 80 = O
G + 2+ 1) - 9 6y + 9 =80+ 1~ 8
x+ 1P =9y + 32 =0
v+ 3= gl + 1)

{1} Degenerate hvperbola s two lines imtersecting at
{~ 1, ~3}

. (a) 162 — x* + 2x + 64y + 63 = 0

I6(3% + dy b &) - (- 2o 4 1) = —63 + 64 — ]

ié{‘f + 2}‘5 - {}f e ;} mr €}

by Degenerate hyperbola is two intersecting lines at

(1. 12}

() Gy~ yF 4 Zy b Sdy + 62 = O
Uyt + 6y + 9 xf = Zx b 1) = 62 — 1+ 8l
3 E-1P
2 18

by a=V2,b=3/2¢=2/3

Center: (1, — 3

Yertioes: f} -3 + "3\?

¥y == 7_% e

Hyperbola

:3,
b
il
+
L
ke
z

Asymplotes

fc}) ;

1)

e
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i
o
o

24, {(a) 957 — v & S4x 4+ [y + 55 =

£ !
Gt + 6x + O) = (32 — 10y + 25) = ~55 = §] — 25 '

3P SR
1/9 1

I8, Vertwees: (0,27 =2 g = 2 26, Vertices: (£3L,0) = a =3 T Vertices: (21,00 = g = 1

Foei (0,24 = ¢ = 4 Foch (£6.0) = ¢ = & Asympiotes:

Center: (0.0) = (A 1} L
~ 2T
~ - Fa. = t 2 3
fw ey
N ) i 27 s 5
2o oy

_ Center: (0,40

4 10 I s

28, Vertices: {0,323} = a =13 29, Foci: (0,£8) =2 ¢ = §

a . a
Agymptoed: ¥ = £3x = g = A0k = ] Asymptotes: y = 4y = i w4 == g = dh

Center: (0,0) = (1) Center: (0,0) = (A k)

(y — k& kP ot = at o+ B e 64 = 1650 + B

PR
) by — & = AP
& 5 )
s o

a6

& Houghton Mifflin Company. All rights reserved.
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Section 9.3 Hyperbolas  #401

30, Foci: (£10,0) = = 10 31 Verdees: (2,00,(6,0) = a = 2

3 B 3m Foci: (0,00, (8, 0) = ¢ =4
Agympiofes: v = oy mp — = o

4 a  Am S S ST S

¢t =gt b e 100 = (3m)? + {m) Cemter: (4,07 = (b, £}

10 = 25m? (x— kP {y — kP
F o om {12 o

oo A2) =8 b = 3 = 6 -4 7

P

T

Lod
i

32, Wertices: {2,030, {2, -3 = g = 3 . Vertices: {4,017, (4.9 = o = 4

Center: (2,0) Focic (4,00, (4, 10) = ¢ = 3

Foci: (2, 5L (7, —5 = ¢ =5 R e I N SR F R

34, Vestices: {3, 10 (2,1 = g 2 38, Vertices: {2,305 {2, ~3) == g = ]
Center: {0, 1)} Solntion pomms (4, 5)
Foci: (3, 10,{%, 1) =2 ¢ =3 Center: (2,.0) = (B E)

2 (7'3 a‘j - 4 = f:' {‘v fif
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36, Cemter; 5, 1ha = 2

38, Centers (1,01 a = 2 39, Vertices:

g {y

P b

Center; (2,2}

Asyrmploies:

\
&g

!
NN

[a)
-
&

0,20, (3,2) ==

¥1, Vertices: (0,43, (0,0

Center: 8,2 g = 2

&6, Center: (3, -

o o= A ¥ E}’ip?{)tﬁ 51

41, Vertices: (0,25 (6.2} w2 g = 3

A 5YY GERReRD v ow

ompany. All rights reservad.

e
s

& Houghton Mitfiin
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Section 8.3 Hyperbolas

LTI

43, F: Friend’s location {— 10,560, G
Fyo Your location (10,560, 0

Plx. v Location of Heghining sirike

HIO0ME) = 19,800

2
B0 9500 = 2 =

T gt = 13,50%,600
¥ 7

9ROI0000 1508600

&4, The exptosion ocourred on the vertical bne through
(3306, 1100 and (3300, G4,

d. o~ d, = 411007 = 4400
Hence,

Za = 4400

a w2206

The explosion ocowrred on the hyperbolg — -~
. @

300% -

i

1
A
R
I
4
Qe
—y
4
23

X v
g e b, -9 Ly
2

GG 4

IR

98,010,000

S L

% foot, 4 mehes i 3 of & anin

The base 15 ¥ umits from the origin, so

z
-

S0 the width is 2x = 3779956 unis, or
22 6% inches, or T ERG9E [est
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46. Fock: (150,40} =2 ¢ = 150
Center: (O, O

150

(a) dy ~ d, = (18600010001} (0

Hay to Station 1 30 miles

-
e

= 18O = 2o 186 = g = 93 Bay to Swatgon 20 270 miles

Yo ot e gt m [3F - 637 = 1385 (270 — 3 e
el D e A T
TR6. 000 000179 second

{dy In this case.
w’i[' TEE N . _ dy = dy = 1IR60000.00129) = 23994 = 4 =~ 120
Rl R PATIE "
13,851/ and b7 = ofo @b = B100. The hyperbola is

£ 7= 113 miles 2 2
o o=
(hy 150 — 93 = 57 miles 0= 9
For v = 60, x% = 20800 and x =~ 144.2.

Pasition: (1442, &0}

&F. Cerger (00}

Foous: (24, 0)

¥ ¥ )
P SE—— ;
e TG -~ a

742 e

= R :
z ")

STELST6 — o) — 576t = 24576 — of)
A PIO8GS b A% TS = O
o AR AR or g o= ok BLER

Simce ¢ < ¢and o = 24, we choose g = 483 The veriex {s approximaie af (14,83, 01
. ) " A .- o 3
[Mote: By the Ouadranc Formula, the exact value of aisa = iSZ{ WA N

— 49, 952 + 4y — [8x + 16y — 119 =0

A=9C =4

. L ] . AL = 36
The camera is 3 - /4 umits from the oy

W

6, Fllipse

© Houghiton Miffiin Company. All rights reserved.
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Secion 8.3 Hvperbolus

845

&3,

&b

1.

&3,

A
fa

Ayt — Ay By - 23 =0 We? — 9y? 4+ 32x + S84y — 208 = 0

A= =1, Cucle A=160= ~4
AC = 16(—0) < O, Hyperbola

¥k Ay~ By + 20 = 0 3, y2 + 12x + 4y + 28 =0

AL = 0, Parsbols AC = 0, Parabola

4x® + 257 4 16y b 150y v 541 = O B8, ¥ 4+ v+ Iy~ by =0

2o xt Iy Yy - § =0 Efox? - - Iy + T=20

AL < 0, Hyperhola AC = { = Parabola

P
. e o+ b

L True, ¢ = - = —
i 73

L
b

Gt + dy? - G0x + By + 228 =0

False, b 3 (0 because it i in the denommator,

False. For example, #2. Troe. The asympiotes are

R S~ AR Y b
¥ ey
; v v b
o= =y 1=0 !
C b s Tmpererting Hred I they intersect af right angles, then
ig the graph of two interseching hnes. =
b -} a
e e S S
a i-blay b

f.et (x. v} be such that the difference of the distances from (¢, ¢} and (— ¢, ()
is Za (again only deriving one of the forms).

2a= St e - S ety

Ty \/’/{\}: e C,}Z i "2 o -\,‘/(}f + C_}’Z e yl

4ot + da Sl — e + 7 A {x- o F 7 T e b o)

A Jly — ) + v = doy - da?

) -l
a-fle - et + oyt o= o o gt

X - Jex + oF + ¥ = oA - 2afex ot

i

a?;(CZ _ (12‘} —_ ('{M - dﬁi*}% . @."%2

¥ el
Xy
a 4 5 g 5y sy ) ¥
Lot b m of - g2 Then o®F? = B2 — oy =2 | = — — PEs
at b
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&4, Answers will vary, Bee Example 3. 65, ld, — d,1 = constant by definition of hvperbola
At the point (g, O},

ldy = d] = g+ o)~ e - al

66, Cemer (6,7

Horizontal frapsverse axis

Foci st éZ Z} and iﬁé 2} = = 4
lc+ay~lo—a)=6=>a=3

§7. At the point {a, 0%, the difference of the distances to the foct (Fe, OFis (o + 4) ~ (¢ — a} = 2a.
Let {x, v) be & point on the hyperbola.

Ja = Jlx +of + v e e Ay
2a + Jx
, — I,
47 + dalx — cfF + v 4+
40 \/@
@l 2y = et = a7 gty
e
1o “:M’;, e
@
Thus, ¢ — o = b* as desired.
68 A = C % O, then by completing the square you obiain 2 circle.
A =0and © % 0, then Cy? + Dx + Ey + F = (s 5 preabols (complete the square).

Same for A # Oand O =

HAC » 0, then both A and € are positive (or both negative). By completing the square
vou obtain an ellipse,

HAC « 0, ther A and { have opposite signs. You obtain & hyperbola.

69. (=B - (6~ 2~ AN =0+ 2t -6 70 (Bx - A+ 4) = 32 4 12 - b~ 2
= 30+ By -2

TLo-2 01 0 -3 4 72 M+ 9 + 3P = (e + P + bl + v+ 9

-2 4 12 = x4+ Jxy b oy b Gx b Gy -8
o —2 ! 2
Sedxvd 2
S IR

PR S

L

@ Houghton Mifflin Company. All fighis ressrved.
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Section 9.4 Rotation and Systewts of Quadratic Equations

7

w3

%3, xb — 16r = x(x? - 16} = xlx — 43y + 4 T4, o2 4ty + 48 = {x + 7)

MR, Txt e 34x? e T3p o= Zxlx? - 12x b 36) Th, Gt - [ixt -

- 2?{{}( - f}}ﬁ wopl Gy A z?(:z&’ e 5y

TR T6x b 84 = HE 4 27) TH 4 - x4yt - S o= A x) 4 - x)

= 2(2x + 3)4x* — 6x + 9) =4 - 02+ 1)

Section 9.4  Rotation and Systems of Quadratic Fquations

can b rewvritien

he general second-degree equattont + Bry -+ Oy + D+ By
AP 4+ Cy ¥ + D'+ E% + F' = 0 by rotating the coordinate axes through the angle 8
where cot 268 = {4 — C)}/B.
B oro=x'cos - yEin g

vowoxsin 6+ vicos 8

B The graph of the nondegenerate equation Ax® + By + Oy + D + Ey + F = Uis:
(5} Anellipse or circle if B7 — 440 < (0
(b} A parabola if B — 4AC = 0,
ey A hyperbola if B2 ~ 440 » 0

Yocabulary Check

£, ororation, 3xes 2. tmvariant under rotation X, disorimingng

b8 o= 90% Poine (0,3)
ro=x con - vsin B v o sin - yicos B

= &' cos 9 — v sin 907 o= pTsin 907+ v cos 9OF

Thus, (7, v} = (3, 0k

308 = 43% Pomn (3,5
= xTeos f— visin 6 v xsin 8ok yicos #

¢ — 7 sin 457 by oo 45

a3
1f
&~
]
4
e
@
=y
)

Subtracting, /2y = 0 = y' = 0,

Thus, (x, v/} = {372, 0}
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Loy =0
Aw OB =10

. Hyperbola

E o Hyperbolg

, & , .
B S “E Y BT

4

© Houghton Miftin Comparny. All rights reserved.
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& ONTINUED -

3

P mdy vl =0

{ f”; 5 f /g 15 I V/E z
S ) R P S PRI E I Ean PO 0§ B R SR
B il f 5 - 5 - i

b b T . \ [P :
R S S e L N S S S v+ 7?—{}:’}2 1= 0

. EX’)‘:: - ;{"Jz = o}

T , ™ LT . 4
o= ol eos e oy s yo= o s oy eos
4 4 ’ 4 4

i
;N-v
T
T
RN
R
i
ot K
B
W

(L) r(Z)

(o Y (e 22V
i‘a’ 2} .a‘}‘ 2 /} 10
[ R AT ( , WAL
e )
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7.

xy — 2y —dx =G

g
i
=
o
&
j
|
i
e
!

e~ 626+ (32 = [P - 202y + (V3] =0+ (3/2) - (/2

T B-Vﬁ}z - {y’ — ﬁﬁ = 16
4
7

(r~3v3F (- V2

Awm I Bu 3 o —3

o \/{T cos 26 \/ P = {(—4/5 3
QR wr e — oz e -
2 2 v/%

Pt ocos 28 b {—4/5) i
cog 8= = = ——=
z 2 v’rg{}

o= ogleoe - visin & yomopiain 84 vy oos #

( i ) N } ( 3, ( ! )
oy e — -y i = s — oy S
WAL A {J’; 0 el } T

7 5, /

~COMTENUED

T P ; " K ' '\7
VoSN 4? + oy oos S
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Section 94 Rotarion and Systems of Quadratic Equations 811

& e CONTINUED

2;{2 — /“B}:“p‘ - 2}52 + =6

E 3}"\5 (,x’ - 3_3;’)[1%;(’ + ¥ (Z%x’ S 2 LI
o] R AR s L0 =0
(. N R SN TR ANNT: ) T )

)

w

a

Sy PRSP 2dy P P exy (Y
3 5 5 10 He 16 5 5 5

5 5. ..
----- R O

e i, Hyperbola

A-c o w /ﬁﬁ§
L2 =m0 = 205 = H= » // .
A el M oy

W

et B ""“m_';}iwg
¥ TSI Ty C08 T = T

Il

Sxb — By + 52— 12 =0
S ,

2
+ S}WT{X + oy }:

i
o

s H —
% i /
- i ’ s
(x HI - 6F~m~f<x’ ~ ¥ )
H A
g -

Sonn L wen S A 4 f”fhiti HE g -f:fwni? 3 =
S - Sy 5ty 3P+ 3y A Z{JL} b Sxy o+ vy = 12
2P+ By = 12

16, 102 + 630y + T~ 16 = (
A=13,8=6V3C=7

A-C I 1 "
Cot 28 = e e A T b= z e {-\

—COMNTINUED—
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g —COMTINUED

135 4 630y + T2 - 16 =0

JCY e 43 Tt ,JL o ,."_._&.. ’ ‘} PN I,/"f;' v N

WP BBy BGF P 83y 63y
4 2 T 4 4

33t 63y 90 6 43y 6y 30t 2By )P
4 4 4 4 4 a4 4 4

Parabola

& Houghion Mifflin Compary. Al rights reserved.
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Section 9.4 Rotation and Systems of Quadratic Equations

8213

iZ.

162~ 24xy + 9yF ~ 60x — B0y + 100 =0 :
A=168=-024,C=9 ‘f S~
A—C 7 4 -

. UL UL ‘ P @
cot 28 5 i =3 F= 5313

20=
Cis - 5% <

S s 4
| <
A

Pex — Zdxy + G - 60 - B0y + 1060 = O

xRN
{ : /}a W =0

1o g 2 (B o R

5 ) 5 IE "\ 5 j 2\
.......... 288(c7)  16BxTyT 288577 AP

LGt b ZAxy 4 My Mo 130y = 0

X 3
25 I A 7595

+ ~% — AGx ARy - GhxT — 48y0  H0 = 0

D5y - 100 = O =6

[y P =alx ~ 1)

Parabola

A—C 7 Y L
2 = e = f 533 )
° B 24 O Y §

s I = — T
cos T

. i+ mgm':i"é &/i‘«!:m{i 7 /2‘;} 3
cos = [ e 1= eI A
2 : 2 5

xe=x'cos #— yisin b y o= x'sin §+ ¥y cos §
34 4% [ 3
T EA T b _ AR L
X(M "(s} 5+ 15)
3’ 4y el b 3y
5 5

e CON TN ED—
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13, —CONTINUED—

Gx0 4 Dy b 16yE R 90x - T3y = 0

3x’ - Ay\? Gy = Ay dx T+ By
g%/ W.....mmmm-fm} e 24%{ ; 2 } L

5

4

216x’y’ 1440y R | DRS(CP 168xT 2880y | 256(c') | 384xy’

25 75 25 25 25 25 a5 2%

tdaly

b 545’ T2y - 104~ T8y’ = O

25 |
25(x " - 5087~ 150y = O

N AR O N

N,

T S A _
/= 1) =6y + } Parsbhala

o

14, 9x* + 24xy + 167 + 80x — 60y = O
A= E}" Bo= 24,0 = 16 -

 A-C 7 ,,
GOt 28 = el m — e o 53030
B 24 RO Y B

ey T omm o Z, '; : -

cos AT E TR ,,/

o [t = cos 26 \/? —(=7/25 '

i f} = \/ = ! =
7 2

' /t 4 cos 26 /‘ {7728
cog # = X/ 5 R ST =

L L

Lk

xoe=xleos 8 oy iein 6

X xTeos 4 visin = x -

yo= o xTsin #F vicos 8= g

Gx7 + Ty + 16v7 + 80x — 60y = O

3x A B Ly A TN E
= j,f{ a Ay A ax Y -4 5}/ e v }3 4+ g{;{ 2Ry 5}{}( s Ty ) )

“‘\. 5 fj i‘x 5 .fi : E 5 ; ) 5 5 / A;
BLL)  206ayT sy 288G R68xyt  ZRBLyR 286Uy 3B4x'y

2 25 25 25 25 5 ' 15 25

2500 - W0y = 0
(¥ = 4y,

Parabola
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Section 9.4 Rotation and Svstems of Quadratic Equations 818
15, 22+ Gy + v = 20
_A-C i1 LT e
cot 28 = 5 F 0 =p f= 4 45
Sotve for v ip terms of x 1y TS Gy fg{; gy
Graph v, = —— e gy g, BT e e e )
¥ Say = 20 - i 2 z h 2 2
Gy . 32 8
y? 4 Bxy + L 2
- 4 I~
o o™ -
ER sx? 80 + 5¢2 st
/ o i I L £ o,
Lyt 7‘&} = 20+ -E— = r“ B
3
Y= oy
- 2'}1
16, x7 - dxv 4+ 2yt = 3 17 175 4+ Ry — Ty = 75
A=1,B= -4 (=12 ‘20 A - (;” ?’i%? 243 b = 26.57°
ey o e e Z2— o ff s Q6 5T
A—C 1-2 1 - B 3 32 4
CoE DB = e ) . .
E —4 4 Solve for v in terms of x by completing the sgaare.
t w Ty 4 32py = = 170 4 T8
wn 26 4 w17, 15
| Vo oy = eyt
tan 28 = 4 7o 7 7

28 = 75957
# = 37 987

To graph conic with a graphing calculator, we need
to sodve for v in terms of 1

¥ = day o+ D7 e B

2

Wy w ot =4 -

3
; A
TR 7 ST JH I
(}’ “k‘} " 2
i
A IL\/;*“ e
'

T
7T 4y 4% 4 49
! 16 32
4 7o
¥y 5
16x + 5155 — 2
Graph 3, = g and
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FE. 40xF + G6xy -+ 2597 = 52 19, 37x? b 48y + By

A o 4D B = 36, 0 = 05 A - k
A= 40,8 = 36,C corng =42 C

t 5 By? b ARxy = - 32x7 4 50

wmn 28 12 P . 43

12 ?
| 5,
tan 26 = - |
) Sy

TE e 7287

g e 33 657

Sobve for v in terms of ¥ by completing the sauare:
25y A By = 52 e A

36

L 36 324

2o 0y Y
257 625

[, 18\ 1300 — 6760 U

Ln,, i L
T T 625 ’

e O T ENEED—

g
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Section 9.4 Rotation and Svstems of Quadratic Eguations

g7

26, —CONTINUED-—

21,

23,

25,

Solve for v in terms of x with the Cuadratic Pormula:
dx? — 12ay + B+ (fi J13 - §2},‘*~: """ {f} v 13+ B}y = 3]
9y — {125 + 613 + &)y + {dx? + 4/ T3¢ — 122 — 91} = O

a=0bh=—-{12c+ 613 + 8L e =42+ 413 - 12x - 91

Za

(125 + 613 + &) + JO2x + 613 + 87 — 4942 + 4./T3x —

i2x - 91}

I

{120+ 6./13 + 8] = J624x + 3808 + 96./13

18
. 12x 4+ 613 + 8 + /624 + 3808 + 96./13
Graph v, = - - and
o i®
12+ 613 + 8 - J624x + 3808 + 9613
T 18 '

el
7
e
//ﬂi
- | omai z
&

xy + 4 =1 22000 Ty b v =0

B? — 4AC = | = The graph is a hyperbola {x + v =0

e g ok o=

Matches graph {e}.

~2xt ey 2P 3 =0

g:ﬁ 4A€‘ P ﬁ'_%}:i‘ _ 4{W2}§:2> Ao fg: B =

= 25 =2 The graph bs 2 hyperbola,

ey g - 184

cot 26 = -
B 3

cot 26 = =

BY - 4AC = (=~ 1) ~ H1}3) = ~ 1
A-C 4 The graph s an ellipse or cacle.

A=C 13 u
e jm, rrrrrrrr = 2 s f}‘t =gk E}ZQ“

Matches graph (f). i
Matches graph (1),
Bk 2y + P~ 10 =0 26. 32— dxy + 4% + 10x ~ 30 = 0

= —8 =% The graph is an ellipse or cizcle. B? = JAC = (4P — 4(1}{4} = 0

A- O The graph is a parabola.

st FE = e == oo 62“:2259
[ B

Matches graph (d).

o2 = = et = Dy § = 2657

Matches graph (¢
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27, 1657 — Pdoy + Gy - 30x — 40y = 0
(a) B — 4AC = (247 ~ 4(16)(9) = 0 => Parahola o :

(by 9% — (24x + 40}y + (16x% — 30x) = 0 | |

(24x + 40y = ST 1 407 — 831647~ 300 4

o B —

28, (a) B° -~ 4AC = (4} — 4(1}(--2) 2, 150~ By o+ T - 45 =0
= 16 4+ & = 24 (a) B? — 4AC = (&) — 4(15}7)
=} =3 Hyperbola = 356 == Bllipse or circle

by ~2Zy* ~dxy + 2P - 6 =0 (hy Ty - By + (1567 — 43) = 0

dr + Ji6 — A2 ~ 6) Sk S8 - TS - 43)

P4

N TR

Ar & 24x" - 48 Re+ 1260 - 356

~4 14

—

30. (a) BY — 4AC = 47—~ 4(2)5) 3o bay - S F 4 - 2250

= - 24 < O = Ellipse or circle (ay BY 440 = {63 — 414 -5

il

) Sv7 b {dy -~ Ay b (237 4 Gx - 200 = 0 56 == Hyperbola

<

(4 — 45 + Bx — AP ~ A5x4 i = 20) 0y =5 — Gy + (o + dx — 22} = 0
1 : 6t VT BaF ~ A1 ¥ dx ~ 20

(4 - A+ /OO TG0 + 416 : ~ 16

16 2560 T f0x - M0
) : R 10

32, {a) BT - 40 = (—60) — 436115 () 25v% + (9 — Blxyy + 3657 =

= () = Parabola (60x - 9} S5~ 6007 — 10003607
}s

(e : 50

" : B0x — 9+~ 1080% + 81

ey =TT

@ Houghton Mifflin Company. All rights reservecd.
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Section 9.4

Rotation and Systems of Quadratic Equations

3o by A - Sx -y - 30

() dy? 4w — Uy + 7 — 52—~ 31 = 0

[
B3
t
2
!
S
i
)

Two intersecting lines SN U
I =4
(x + v? =
fx & ?}\ =}
Py o= k]
\‘\' e
Two parallel Bnes

1 - 4{1)4)

= - 15 « (b = Eilipse or circle

(b} 4y? 4 Ly + Yy b P x4 =0

3. - B Gy + 10 =0

o

x = 1P+ {y+3F =0

Point gt (1. 4}

2o+ 1)+ (P + by ok 9= —

1
.
I
P
b

¥ 10y + 257 =

2o BA g

v

v 5x = /2407

WO R 4

Foegy lines
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3. 2y = 46 a7 4+ 9yt~ 36y = O
g — vyt = O A2 = = 32 = 0T — 2
Adding: M2T =y + 9% - 36y = 0
A4 =0 Syt — 36y + 108 = ¢
(r+ e~ 1) =0 = x=1,-4

y =

Forx= Lyv=+J/%

x = —4& iz impossibl

Sohuions: (1, /3101, — /3] ‘
oHmons: A1 VIR V3 Ng solution

41, —dxt - yP e jer - 2y — 16 =0 Forx = —%
4x? + oyt d0x - Z4y o+ 208 = 0 ~E{EAY — v 16{- B} -+ My ~ 16 =0

2hx A+ 197 = 0 —-y 4 24y - 144 = {
24x = 192 Vo 24y + 144 = 0

= —8 {y — 12 =0

=y o= 12

Solution: (8, 17}

42, x - Ayt — T - B4y ~ 172 = 0 =» L 0P 4y + 8P = 16

167 dy? - 320x 4 Bdy o+ 1600 0 ome W — WP+ 4y + 81 = 156

i

(17¢ = 238)x — &) = O

When 1 = & When x = 14
62 ~ dy? — 20(6) ~ B4y ~ 172 = 0 147 — 437 — 20{14) ~ G4y ~ 172 = 0
~ 4t — Gdy — 156 = 457 4+ Gdy + 256 = 0
vk 16y b 64 = ¥ Ay - 84 = O
(y + 8P =0 (v + 872 =0
v o= 8 v —§

Points of intersection; (6, — &), (14, ~ 8}

43, - v - 1lx b Iy~ 84 =0 Forx =

w1 — 16y + 64 = ) —y 4 i6y - 64 = D

27 - 2dx = {) ¥ 16y + 64 =0
W 2= (=82 =0 = y=8
y — 12h= 0 = x={ 12 For x = 19

144 — y? — 12012} + 16y — 64 = 0
-y 4+ 1y - 64 =0 = y =8

Sofugons: (L&), (12, 8)

© Houghion Mifliin Company. Al rights reserved.
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Secrion 9.4 Rowagion and Svsters of Quadraric Eqguarions

B2t

44,

46.

P R e S B = E ) HE . A

: o 4 Y ) R )
- tdx—dy— L =0 v iy - 1Y

When vy = (1 When vy = 3
xE b &0V - Tx - G0 R L= O gt b Qo 4037 - 1o

-2t =0 Ao 2 13 = 0

(x — 1F =8 o real solution

Point of intersection: {1, 0

If?}fﬁ """" %,:“ + ?{i‘; — 8B =4

16 + 25y ~ 400 = 0

24y% + 24y — 480 = 0
24(y + S}y ~ 4 =10
yo= =5 or oy 4
When y = -5 When v = 4:
16x7 + 25(~5)% ~ 400 = 0 1652 £ 25047 ~ 400 = 0
16 = ~225 1652 = 0
No real solution =0

The poind of intersection s (0, 41 In stundard form the equations are:

v 485 16y - 32 = O = (y o B - 4B = 96

(g S}x+2) =0
o= % oor oy o

When r = 5 When x = — 1

-
S
H
i
LE
LAY
f
i
o
¢
i
Lt
2
il
o
s
[
B
2
i
oot
o
-
.
Bt
f
o

,,
:
g

o
¢

b
-3
]

|
g
<
-~

Vo Loy B84 = O
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Topics in Analytic Geomesiry

47 22 -y + 6 =0
Ix +y=0 w y = ~Ix
Zxt e 2P 6 =0
S L A

P R V&)

Tws solutions: ( NENE ‘;} { “““ J32 V’?}

49. 10x7 — 25v7 ~ 100x + 160 = O
R LR
Hx® — 25{2x — 16) — 1Ky + 160 = 0
W' — 150x + 360 = 0
X — 15x + 56 = ¢
x—8)x — T =10

r=8 =y =0 = (8,0
=7 = v>= —7 impossible

One solugon: (8, O

51 yrhr - F3=0 = oy o —
X

Pl = 2P + d-x ~ 3P = 9

x4y 4 4Y b 4l 4+ Bx + 9) = 90 — 4x + 4)

x4yt b 4y e 4yt 4 24y o+ 36 = O — 38y + 36

b= dx® i+ 60x = 0

x4+ Bl Tx + 20y =0

g=0orx= —3

Zx - 16

48.

IR

~x—3

647+ 3y% — 12 =10

x ”?VTJ E A § = o T oy &

B® 32— X - 12 =0

fx? - 34 - dx b £ - 12 =0
et - 12x = 0

3%y — 41 = 0

P SR

4 Z
::rz:ﬁi;j};mzwmizzmm-

Solutions: (0, 2}, {g %}

dr? oyt = Bx F by - G =0
Jx? - Byt dx b 18y - 43 = 0
From Equation 1!

yi oo Gy = 4y - fx - G
3p* ~ [By s 127~ 24y - 27
In Hauation 2

x4 dx — 43 - (3 - 18 = O

4

i

262 4 dy — 43 — (12%% ~ 24x — 2T) -
—10x? + 28%x — 16 ¢
t4e + 8 =

i
ot

3
5x? -
(- 5% — 4) = 0
R };z - fﬁé}: = 0
=y - 3P =0= v=3
x=% =0 2 — 6y = 5 No solution

Solution: (2,3}

Mote: 12 ~ Tx < 20 =  has no real solution.

The points of intersection are { {3, 5} {3, 0%

D Houghton Mifiin Company, All rights reserved.
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Section 9.4 Rotation and Systems of Unadrasic Equations 813

5% True BY — 4AC = 1 — 4k

5

i

913
-k

& ;,f{,{} i -:;-mhm‘wg

_ I
By = e =

Se% = 2+ 2tk 5(1 = 2+ 4 - 12

532 - 2x o 2 RS - 10x 5 - 12 =0

When © =

When x =

H N

Points of intersection: fmf’% + J30]

Ik < b then BY — 34C > 0.

L

56.

A

Intercept: {4, 0}

LY IDLOReS:
yom 2oy =)

e 3 Asymprotes:

Intercents: (0, 1) x= 2y = 2

3
i

ta
0

—f

2t

Slant asymptote: y = o-r o |

Vertical asymplote: = 2

Intercept: (0, 0

7

Intercept: {

0,

Asyimprotes:

s= 2 v =0

by
,
y
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60. (a) AB =

LA
J—

5%, (a} AH = {

e
o
o
o
emisiaspasomad
.
-
LA
=
-

e o
{by BA = %

rueawol

(b) BA =

(RS
LA
Lo
e
I
o]
o

fcy A% =

{
e
B e
oW
e
|
)
;

i {(ay AR =1{4 -2 5] } =112 4 & 4 25] = [45]

T 31 § 12 —4 15
(by BA =| -4 fa -2 ‘;}1 ------- 16 8 20
5 | 20 -1 25

() A? does not exist

o8~ 2l
62 (a) AB=1 27 10 & 63, Flx) = {x + 3
— 13 20 — 1%

H

(b} BA

65. gle) = J4 — £ 66 gl = J9x — 2
L ¥

68. 1) = o+ 4P 69, fi =1 — 5] + 1

v ¥
A ;
s 3 &
. 1 B
By
3o e ; .
1 Fiel T2 gy 86
: 3 4+ F )
-z . £ 3 e Gy
N o el
R i
4 P

E" 1
R

64, flxj=x — 4 +1

B A

e ¥
& % iy
T flrh e -2+ 3
.
£
o)
g
b e
o
P
BT
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Section 0.5 Parametric Equations

828

. i . -
Ti. Asea = fabsin O

= HBW12} sin 1107

Parametric Equations

72. Arves = sacsin 8

¥

= S5 16} sin T

= 310.39

B I fand g are continuous functions of £ on an interval /, then the set of ordered pairs ( U, g6} is a plane

curve C. The equations x = f{f} apd y =

g1} are paramerric equations for € and 1 ig the paramerer

B Yoo shoold be able 1o graph plane curves with your graphing utility.

B o elimunste the parameter

Solve for £ in one equation and substitute into the second equation.

B You should be able to Bind the parametric equations for a graph.

% 3
4, x o= o pow o
H X
i
y=g b 2 e oy=m -+ D

Vacabulary Check

1. plane corve, paramelnic squations, parameler

3. ehmingting, parameier

2. orieniation

Parabola opeming w the right

Matches {d).

Watches (ah

Matches (£}

v = 1%, parabola, ¥ » U

Watches (b

Goyow 20 e 0= L

I7as

Bxponential curve on

Matches (g},
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i‘?. X ﬁ_.,//‘i:‘y = 2 - ¢
@ IS C A B s 3 4
21011 VI] V32
v 1201 |O -1 ¥
(s Graph by hand. v
Mote: v = 24
8 x=dcos’ by = dsin§
{&} P R gl Rl
2 4 " 4 3
x40 2 442 0
vl —4 =22 1012914
(b} y
RN M

%. The graph opens upward, contains (1, 0), and is

ortented left to right. Matches (b).

11, 0w =1 v = —d4¢

yo= Ay

(e} :
" \&‘" &
|
§
b
(dy y=2—¢=2—x%
Parabola
fpart (), x 2 O
9 &
-8 > 0
&
(dy dx + 3% = 16cos® B+ 165in? 0 = 16

2
,? = 1. parabola ¥
1%F \\;
The graph is an entire ;
parabola rather than

just the right portion.

. The orientation of the graph is clockwise and the

center is {2, 31, Matches (o

I
oLy et
2
i
yv=o—x of x— dy=10
Lo
5.
i
‘ .
& d 1]
s

@ Houghton Mifflin Company. Al rights reserved.
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Section 8.5 Paramerric Equations

827

13. x =3t~ 3,y =2+ |

16, x =1, v =1

¥ o=

s
£
4 L
¢ -«
P b *
g

7. r=14 2,y = ¢7
T

y = -2

&

18 x = s

v ] -

Elfpunating the pavameter £, £ = v~ 2 and




8%  Chapter % Topicy in Analyiic Geomelry

2. x=Zcos B,y = 3sin @ 22 x=cos b,y = 4sin 6

¥ ¥

dn

£t 4+

e

s\ .
i} s opogt b sint § = 1
l‘?

v ,
2o e 1 ellinge
El b, ellipse

16 P

= 1, ellipse

i
23 =g o

1
|
-
A
&
Y

¥
t : N .
#

.

5

4 Ed
S I T S B S S B

26, x o= o = J o= r o %f

P ]
¥ = y = 2;‘2 = zéjﬁ{/ -s-j =S §€2.x
&
¥y = .
S
5 3

@ Foughton Miflin Company. All rights reserved,
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Section &5 Porametric Equarions 818

3%

x= 4+ 3eosfy = -

2 4 sin ¢

o

&
ol iy
H g
X o= 5 S e
| \ P ’
¥ = infe? + 3 .

. By eliminating the parameters in {a}-{(d), we get y = Zx

in restricted domatn and in orfentation.

{a) Domain, —o00 < X < oo
Omientation: Left to right

{cy BDomamn: 0 < @ < o0

Crriepation: Right o left

Fach curve represents a portion of the line 2y + o — 8 =
f ;

2 = O

fay x =

Iy X ~
ped- Jimd-lysd

Orientation: Lefito nght

{cy x= Hr + 1), —oc < X < o5
" x 2N £
N S

Orientation: Left {o righ

W, ox =4+ Yoon b= 2 4 Tein f

3 ox o= sec d v
v o= ian 8 R / )
5 ik
320 x o= 10~ G002 ;
v = 0417 B m\

+ 1. They differ from each other

By Domain: ~1 € x 21

Opientation: Depends on &
(d) Domatn: 0« 3 < oo

Ornentation: Left to right

[

Crieniation: Left 1o right

(dy o= 25 0 < 0
PR B £
yo= b b gt 5

Oretenvagion: Leflt o right for 1 £ 0

Right o left fors > 0
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M, x = htreog B

vy =k & orsin f

P R

? P

I

I x= b ucoos 8 B o x=h o+ oasen
y o=kt bsin vy o= ko btan @

i
o
#
L
T

oy a3 =1 A He 1= 1 b 5 £, x=h +reos =12+ 4cos f

vy by, oyl =4+ A3 -4y =47 vy kb rsinf s 5 4sn g

.... ST—— 5

41, n=5¢c=4,and b = Ja¥ — & = 3. 42, a=1.c=2and b = JZ -

The conter i (0,01 so h = Oand k= 0. The center is {0, 9L soh = Oand £ = O
R o f e pamd X
Csr 32 - I 3

L 50y == gec # and

43, v Sy - 3 44, y = 4 — Ty 48, v o=

Amswers will vary, Answers will vary.

r= gy = 53 =gy =4 - Tt
X = fy =
: f

=
fl
il
¥

46, v = &7 v = 6~ 3 48, v = »' + Zx
Sample answers: Sample answers:
=gy = 62— 8 x= gy = £ 42

x o= f y E= ;}I v o= 2{_? = 24z3 . :3 o E ” !.'i

4%, k= 2o gy = et . 3 03¢ .

© Houghton Miffiin Company. All dghts reserved.
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Section 9.5 Parcmetric Eqguations

831

81, Matches (b} 52, Maiches (o)

55,

. lay x

x = v, cos B8, v o= b (v sin 8 — 167

108 miflr - S288 ft/mi
3600 sec/hr

= 146.67 fi/sec
x = (14867 cos &)
y o= 3 b (14867 sin Gy~ 160
(hy 8= 15°
x = {14667 cos 5% = §41.7¢
v = 3+ (146,67 sin 15 — 1617
=3 + 38— (67

{ny ¥ miles/hour =

It is not & home run becanse v < 10 when x = 400,

. (@) x = {v, cos Bt = (105 cos 40° )
v 4 (v, sin B — 162

= 28 + (105 sin 40% — 16:7

{2} The horizental distance is appronimately
34225 feet

(Y You conld wse the Quadratic Formula o find
the zeros of v = — 1687 -+ (105 sin 40%7 + 2.5,
The larger rero, 4255, pives x = 342 25 feet,

{cos 357 v,e

=7+ {smm 35w, — 167

=3

Maximum height =~ 27 feet

{dy From part (b, ¢, == 2.03 seconds.

&3, Matches {d). 54, Matches (a).

{c) &= 23°
xo= (14667 cos 28 = 1380
o= 3+ {14667 sin 23 — 167
= 3 8T 3 - et

i

Les]

/ WMM\\
/N

%
5 qu

&

Yes, it 18 8 home run because v > 10 whes

x = 4{{3,

{8y &~ 19.4° is the minimum angle,

by =
—
i 5,
N

The maximum height 8 approximately
7368 feet, when ¢ = 2109 seconds,

{by I the ball is caught at time 1, then
G0 = (cos 35
4 = 7 + (5in 35%w, — 161,
50 40
vl =

cos 35° cos 35°

i 55}5;2 = 9 tan 357 + 3

------------ sy -3 = (gin 35— 161

*

.

= fp == 100 seconds
90 G
=5 vy = s = 5400 fifsec

7, cos 35°
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58, (&) x = {v, cos Hir = (85 cos 507}
v = kb {v, sin 6} — 1687 = (85 sin 50 — 1647
By =
N
SN
\
s;w“
off o] a0
&
The maximum height is approximately 66.25 feer when =~ 2035 seconds.
{cy The horizontal distance iz approximately 222,35 feet
(ely You could solve the equation v = (85 sin 5070 — 167 = 0 for ¢ = 40696,
Then, x == 222.35 feet.
3%, True 64, False. The graph of x = %,y = 1% represents the
portion of the line v = x in the Grst guadrant,
¥ o= | first set ‘
pomopr b e
x @ 3 second set
v 9 b L = (3R =t b ]
61. False For example, x = 1% and y = 1 does not 62. False. The equations represent a line.
represent v as a function of x
63, Sample answer: x = cos # Gd. The graph is the same, but the orientation is
o, reversed.
yom — 2 sin 8
. A(—x}? 4 . . -
68, fl-x} = fy}z i v = flx} 66, flx) = Jrx 20
; , . No symmetry
Symmetric about the w-axis y ’
. : . Meither even nor odd
Evern function
7, v = b F e N g T FE et 68, (x — 2/ =y -+ 4
N syrmmetry v o ot - dx
MNeither even nor odd No symumnetry

Neither even nor odd

B Houghton Miffiin Company. All rghts resarved.
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Section 8.6 Polar Coordinates 833

Section 9.6  Polar Coordinates

# n polar coordinates vou do not have unigue representation of points, The poimt {r, ) can be represented
by {r, 8 £ Znmiorby (-, 8k (I 4 U} where n s any integer. The pole is represented by (0. 6) where
#is any angle.
B Toconvert from polar coordinates 10 rectangular coordinales. use the following relationships.
X o= pons §
y o= rgin

B Toconvert from rectangular coordinates to polar coordinates, ase the following relationships.

re= oty

tan # = y/x
H o8 is in the same guadrant as the point (v, v, then v e positive, I § is in the opposite guadrant as the point
(x, v} then ris negative,

® You should be able o convert rectangular equations to polar form and vice versa,

Vocabulary Check

. pole Z. directed distance, directed angle 3 polar
. : {omy ' [, 37
t. Polar coordinates; lﬂ“ o ) 2. Polur coordinates: | 4, 7]
n ¢ i Ea
{7
¥ = dcost— ] = O -4
V2/
T
yo= dambo =4

Sary . ‘
3. Polar coordinates: ( ~ 1, —‘i? 4. Polar coordinates: (Ec
Gl \//E [
x= -1 m_&;(mm o r = 2 cos =
Sy
[5w\ 2 = inl AR i
R TI [ei y = 2gipl - o= e | /2
y o= o sm{\ 3 ) =7 & ( Py, 7 N
/3]

' G2
Rectangular coordinates: (1}“ MZW)

3
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Three additional representaiions:

(1.-7 4
i il

Lak

o
B
i

Three additional representations:

Three additional points:

(-3 imi (5. ) (3, wﬁj
. )

& /

@ Houghton #Mifllin Comparny. All rights reserved.
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Section 9.6 Polar Coordinates 838

Three additional representations:

(3 “; 3 %ﬁ) %!7} ??J

22 22

; 5
T3, Polar coordinates: {4 é }

= 4 LGM{

[ 7 _
372

%

:4m4~3}m \\\\\\\ 23
L3 “

Rectangolar coordinates: {7, - 243}

: !
]
-3
14, Potar coordinates ( i wgi)

{

12 —;ﬁ is the onigin

Three additional pomts:

{Any angle wili do siiee » = {1

/5
¥ o= D eos o A,( ”"“"“\“/:;L) -
Tar { Ty
=2gm- = B =
¥ i 3 2} i

Rectangular coordinates: L /3. — 1}

#
'
H

£
@
e
3




836  Chapter d

Topics in Analvtic Geomelry

7. Polar coordinaies: i &, - j {origin!}

i’ Tt
&= feosp | =0
&

VAR 3
v = Osinl ~ 2] = 0
Y o/

Rectangubar coordinates: (0, (7}

19. Polar coordinates: /2, 2.36)
©w 2 oosll 36} = - 1004

v o= 2 s 236} == (.996
{1004, 0.995)

Rectangular courdinates:

(e 8w (=45 13wy Loyy = (= 1004~ 4.356)

B
LBy
o
et

) (25, 158) = (xy) = (~

V7. (r, 8 =~ 40, D51 = (r,y) = (360, 1.97)

29, Rectangular coordinates: (7,0
= 7 tan 0= 0,0 = 0

Polar coordinates: (7, wp {—7, 0

0.02, 2.50)

18

24,

28,

Polar coordinates: [é} m-“) {origin!}

Sar
= = {3
X ¥ 0% 3

S
Osin 2 = 0
4

Recuangular coordinetes: (0, 0

Polar comrdinates: (— 3, — 1.537}
o= = deosi— 157} =~ — (0024
v o= =3 sind —1.57) =~ 3.000

8= (4,707 ) = (ny) = (<306, ~2.57)

i By = (R25, 35 w [r v} o (7,726, — 2.804)

A B = (54,2851 s (x, v} = (517, 1.55)

{r, 8} = (8.2, =32} = (n. v} = (—8.19,0.48)

& Houghton Miffiin Company. All rights reservad.
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Section 8.6 Polar Coordinates

537

3. Rectanguler coordinates: (0, — 5}

r = 5, tan # undefined, & =

. ( 37:'\} ( » o
Polar coordinates: 15, L1~ 3 );
o U T,
,
i
& ¢ x
i ' 2
i
-5
e

— T
Foe 32 tan G 1 6 =
4

) - S

Polar coordinates: 1 302 —-J -3
¢ o X
4
@ ;

34, Rectangular coordinates: (/3. ~ 1)

3+ 1 =2

r= oS

31. Rectangular coordinates: (1, 1)

F= Ji and =1, 8=

. . P AN
Polar coodinates: («Jm%)g | — 2, "“'*}
Y 474 4/

L3

r= S5 3= Jhang= E,iﬁﬁﬂz:

‘\
¥

A 7
Polar coordinates: (Jé 4 ;j"{.. J6, 4}

E
3 4
i
o f—-
[N 1
& ..

pe JETE = JT1T = 108
G 3

. - L= D ER L

tan 8 PRt g = (L9843

Polar coordinates: (10,8, 0.983), {— 10.8, 4,124}

¢
ird
Y %
4
3 I I
-




838  Chapter ¥ Topics in Analyviic Geometry

3%, Rectangular coordinates: {5, 12)
re= /A T4 = 13m0 6= % 0~ 1176

Polar coordinates: (13, 1.176), (— 13, 4.318)

Lot d ff . é%

L

]

38 (xy) = (—5, (539, 276}

{

2

40 (x.y) = (3V/23.3) = (r.6) = | é‘,%é ~ (6.0, 0.785)

‘3?.-. (‘,“,ﬁ) o {\:}N“w} et N {;} + 1‘“

y 5
Fa73
= arctant E'T,Ej '
KO 4

o (AT
’{?Z ﬁz} ] I’.*E‘;“_ ﬂ“i%ﬁff

e a4, o
- yioe 16

_
H

g

44, ¥ =3 47, a8

rsin 8 = reos 8 reos = 8
sin & = com &
tan 6 =}

49. Ix— by b 2 =0
Jrcas § — bram b= —2

Hicos B — Gsin g = —2

ro= Baeg &

s o S E (22 =
6 -
{r. 6y = { /13, ~0.588]

37 {x, ) = {3, —2)

f
&
e
Ee
]
]
i
i
kit
R
i

3\%" {Xs f?:} = { '».,’Jf::g.; Z} frme i

(r, 8 = [ /77,0857

i

42 [y = o) = (0 8 = 230,071

45, o=
rsin oo

s

oo doese 8

48, X =gy
rons e g

ro=oasec B

54, dr + Ty -2 =10
drecos @+ Trein g~ 2 =0

Hdcos g+ Tsinf) =2

@ Houghton Mitin Company. All dghts reservad,
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Polar Coordinates

H39

Bl xy =4
(reos Birsin 8} = 4
rlcos Bein @ = 4
F22 cos Bsin & = §
rlgin 28 = §

pi= % ose IF

53 (x7 4+ ¥7P = Yt - )
(r1)? = 9(r% cos? 6 — r?sin® 6}

L -

P2 = Geos? 6 — sin? 8

55‘. }{_2 = {}
P2 Broos =0

4oyt — 6x
, )
reoE Hroos 8

r=&eos 8

B 1,? Zﬂ}’ = (}

Fo= Rasin #

&1, = Gsin g
= Grgin A
Bk oyt = by

52,

dreos &

54,

?;2. Sifiz & -

{1 — cos® 8

reost §

= % gec Hosc § = cscile)

v o= Bx o

Broos &

Srcos ¢

2= gee fose

16 = 0
16 = i

groos § — 16 = 0

56. >+ ¥ — 8y =0
0

=0

i

- Brsin 8
rir — & sin &)

= Bgin B

W
&
o
(2%
|
o
o

{rsin 2 = {reos )

sind 8 = roost @

sip” #
Fo o
cos’ #

= Qaﬂz 8 SEC ﬁ

62, = 2008 H

!

ptom Zreos #

24yt = 2x

o Zarcos 8 =

6.

bl = :
iy '}:” -

- Dgpcom G} =

3

Jacos &
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64. =" . 65. == 66. f = —

S , ‘ S _ 1 ;
tag § = tan Ty T 3 tam 0 = 1an i - tan f = {an T k

&7, & = o vertical line &8, 8 = w7, horizontal line 549, o= d

Fd

e
<

i yoa 3G e yo= o dosc # T2 ro=laec @

P 100 Fain g o= -3 rous # e 2

TE, P = cos @ 4. Fi=gin 28 = Zsin Bcos &

e opoos § (j(j

7=, oo Fain A 76, ro ons 26
o 3% sin B - 4 sint @ Fow Meos? 8 - sin® B

- By twin & o M coet 8 7 gin® §)

= 3 - Y or (R TP = Ot - T

7. P S T8, re —----“ —

Fooorens 8= Pl orsin 8= 2

. 2 3 =
pooAe ot w2 i

& Houghton Miffiin Company. Al dghts reserved.
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Section $.6  Folor Coordingtes 841
4 &
74, gy 80, froEE e
2 3sind Jeos & dsin g
W2 - 3siné = 6 6
Fom e
. . 5 5o e
2r = 6+ 3rsin 2efry = 3/1)
2{_:::%: Vf}cg *“::j} = § -+ 3y ;o Hwéim “““
i Zx — Gy
47 + 7 = {6 + 3y)
&
S b Al = + Gy 23-”"'W AAAAA
4 =Y 36 Ay i T — By
At 2 - = {3
4x 5y Gy - 36 =0 Tk~ 3y = 6
81, r=17 82 ro= 8
2= 49 2= 64
gt oaop? = 49 x4yt = 64
The graph is a circle Circle of radius § To W
centered at the origin centered at ofigin
with radius 7.
-3
7" T
3» o . Zn m—
# 3 84 g G
" v v T 3
i L 3 i -
tan 4 = tan o = | o= o Lo otan f = tap —— =
4 X X [ 3
yomnox ER ﬁm.i 3\? — V,’i’g‘r o {} B
The graph is the line Line through origin making
y = x, which makes an 3 angle of /6 with positive
angle of 8 = =/4 with x-ERiS
the positive c-axis,
85, o= Gsec 8 . 86. r=72csc# :
?CO'%&“':':% T rs;iﬁé}:z Pt
x =73 y =2
x 3= R ; v 2=10
Vertical bne Horizonal Hre through
54 0,7}
£7. True, the distances froms the origin are the same. 8%. False Por instance when r = 0, any value of &

gives the same point.
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B9,

o4,

&1,

93,

-
h

(a} (ry, ) = (r, v, where x; = ry cos 8, and y, =

(ry, By} =[x, v,) where x, = r, cos 8, and v,

Thep x,° + v,> = rcos* 8, + r,

o =

ey — )+ (yy = pf?

= ST P TR R S
K Zxpey + %7+ oy 2y1¥;

, t 2
= e+ oyt vt 2, +ovv)

Ysin 4, = r % and x

ry S

= ry s B,

YT

3 T

s

SrdE o 2 cos B, cos 8, i, Sin B, Sin By

= Jrd ot = Ry cosll — 4
(hy If 8, = 6, the points are on the same bne theough the origin. In this case,
d= Jr7 4 rd = Zrycosll) = Sl — = {5, — ol

() IE 8, — 6, =90 d= JrnT %5,

PR
{dy For instance, {E, {} P4, ,{-}é gives 4 =~ 2083 am_(
LR A

Answers will vary.

_ b et gt 197 4357 - 137
cosh =T Sovasy 86
A= 3070
gt Aot — B 137 4082 — G2 -
e B e Rl :
cos B 3 30139035 (66615
B o= 4877
o JEOP - 30T - 4527 == 1011
B o= 180 — 56% - 38% = g8°

a ¢ csin A 1Z2sinl36%) ‘
=TT R " “:Z freered = " - == i f _éﬁ
gnA  snC 0 f sin O sin{38%) o

& ¢ _csind 12 sin(86°}
et e oy s o 19,44
sin B sin O sin sin{ 387}
=gt b - Jobeos €

= 8% 4 4% — ZEML) cosl3s®)

== 77 87
== 5725
b e Gn B — bsin C 4sin{357)
sinB snC o o0t 525

=s H o= 350°

A= 180° ~ B - ¢ = 1i9.1°

Tar

92,

84,

%6,

the Pythagorean Theorem,

's
t
. “7%"“; gi

y
(-

ves d == 2033 (Swne!)

A= a=10bF=6
sin B = O30 ok e B 1aye
£
o= 180° - A — Be= 1419
a s O
sin 4 v
B=T71" = 21,0=19

R R

sin 8
o R —
SB“} ;7

A= 185" ~ R

B =64 6 =

Jaeccos B == B85 438 —= b =

= 09214 = = H71°

L

= 52,0 = 44

= (7605 = O = 495"

2576

@ Houghton Miflin Company. Al righis reserved.
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¥7. By Cramer’s Rule,
98, By Cramer’s Rule,

bs =7
D= o5~ 21 = ~16 ER |
-3 1 p= l=-6-2=-16
b ;4’ -2
-1 =7
{)x:% | = =i - 21 = =32 ol LU :
-3 B D= |= -0 (=25 =5
5 =11 T
ﬁ?:E_% IR R Rt 410
- L= } \ = 15 -~ 40 = ~35
b, -3 Dy ~48 4 =3l
e e B B v i
Do 16 Do =16 o, 5 D, =55 55
o= oo e gomE e s e
Solution: (2, 3) 2 26 o 626
o |- 357
Solution: ( % 96 )
99. By Cramer’s Rule, tes. By Cramer’s Rule,
3 -2 i s 7 L}§
p=12 1 -3 =35 D=1 =2 —3= -89
Po-3 9l 8 -2 il
o -2 i 157 9]
D,=i{0 1 -3 =0 D=7 —2 =3 = 095
6 ~7 9 g -2 J
oo 515 9
D, =12 i —Eé = 0 D= i1 7wl - §44
0 800 1
- o
ﬁ 29 5 7 15
b. = 2 i o =0 p,=|t -2 7l=6n
=3 0 8 -2 0
D, . B, Do , _
ag="L=pp=-t=0c=""=0 Do 285 298 Do B4 %44
Ej' {} f)‘ = --55 i Ul w—— e
Doo—'e 89 po -8 8
Sotution: {0, 0, ()
p, 6712 - 672
BgF W e IR e T e

295 844 672)
Solution: (_Rg FET }
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i1, By Cramer’s Rule,

165

=1
D=1 2
5

|

(pd e
P ome B3
i
3

P

B3 w3
Lad
o)

B3 e g
i
B
LA

oo
3= = 45
4 4
D, 45

Solutlon: (2, —3,3)

6 -7
S

The points arg

Poinis: (~ &, -

. Points: {4, —30 {6, — T {2, — 1}

i
E[ 2}
};

not collinear,

The points are collinear,

102, Cramer’s Rale does not apply hecause
P2
1 ol=0
| 6]

b=

] i\)l\}

Else elunination to solve the system.

b 2 ﬂ
E 0 : Sl

.
6 1 2]

B2 b3 R
— b

22 4.
-R, + R0 1 =2 =
------- R, +RG -2 4 -7
----- R,+R T2 0 4 3
o1 =2 1 1
MR, 4 R0 00 1 O
Leta, = a,then x, = da + Land x, = ~la f

o , ‘ .
Sohmion: { —2a + 3,20 + 1, @}

104, Pointy: {—7, 43, (0, 11 {4, — 5}
ey

Iy

E

= {} =% collinear

06, Poinds: (2.3, 8, (05,3, (1.5, -3}
-7 5 Ej
s o1
L5 -3 i

= 4.6 = potcollinear

@ Houghton Mitflin Company. All rights reserved.
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Section B7  Grophs of Polar Equations

a45

Section 9.7  Graphs of Polar Equations

§ Whoen graphing polar equations:
1. Test for symunetry
(a} 8 = w/2: Replace {r, by (r. 7w~ G or {—n, — g,
(b} Polar axis: Replace {r, 8} by . —Ghor {—r. 7w — 8}
(e} Pole: Replace (r, S by (r, w + Gor (-7, 6.
(dy r = F(sin 8} is symmetric with respect t the line = /3.

(e} r = fleos 8} is symmetric with respect to the polar axis.

7 Find the @ valoes for which {r] is maximura,
3. Find the @ vatues for which r = 0,
4. Know the different types of polar graphs.

{a} Limagons by Rose curves, n = 2 (cy Circles {dy Lemniscates
=gt boos roeE g eos nd Foe g oos 8 o= gt cos 28
ye=a+ bhsin# Fo=gsinaf r=qsinf o= agin 20

roea

B You should be able to graph polar equations of the form r = f{#} with your graphing withisy, I vour utlity
does not bave a polar mode, use
x = flitcost
v o= flsing

in parametric mode.

Vacabulary Check

w

i. &= 5 2. polar axis 3 comvex Hmacon
4. circle 5. lemmiscate 6. cardioid
1. r= 3cos 2618 arose curve, 2. Cardiond 3. Lemmpiscate
4, r = 3cos #is acircle. A r o= 6sin 2618 a rose curve. & Limagon
7. The graph is symmetric about the line § = w2, and 8. The graph is symmeiric about the polar axis and
passes through {7, 8) = (3. /7). Matches (a). passes through (r, §) = (3, 0} Matches ().
g, The graph has four feaves. Maches (0. 19, The graph has three leaves, Matches (d).
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iLr= 14 +dcos g 2. r = 12 cos 38

G = : = 14 F dcos(—8) 4= }g S = 12 cos(3(- 0
—r= 14 + dcos 8 oy o= 12 cos 38
Not an equivalent equation Mot an eguivalent equation
P14+ 4eoslsr — 6 Fo= 12 coul 3 - 8
po= 14+ 4{cos woos 8 4 sin wsin B) ro= — 1208 348
r= 14 -~ dcos d Not an eguivalent equation
Mot an eguivalent eguaiion Polar gxis: » = 12 cosi3 — &)

Polar axis: r = 14 + 4 cos(— &) r= 12 cos 38
F= 14+ dcos @ Equivalent equation
Eauivalent equation Pole: —r = 12cos 38

Pole: —r w14+ deos f Mot an equivalent equation
Mot an equivalent equation o= 2 cos{Mw + 6
Foe 14+ 4cosin + 6) ro= 17 cos 34
r=14 — 4ecos d Mot an equivalent eguation
Mot an equivalent equation Angwer Symmeric with respect 1o polar axis

Answer: Symmetric with reapect to polar axis

T 4 4
g om o F T Poler —p e T
2 1+ sinla — &) 1+ gin &
4 Mo an equivalent equation
Fo , - :
I osin weos 8 — oo e 8
P+ osin &
4
~ivalent eauatio poa m——
EBauivalent equation |~ gin &
Polar axis: r = - Mot an equivalent equation
1 sinl— &
4 Answer: Symimetric with respect to 6 = =
b= s -

1 - gin §
Nat an equivalent equation
4

- = DU

I sindw — &

Not an equivalent equation

@ Houghton Mifiin Company. All righis reserved.
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Section 8.7 Graphs of Polar Equaiions

547

e

Mot an equivalent eguation

Polar axis, » = }T'gizg":g}

2 S
I~ cos @

Fauivalent equation

I, r=6Gsin g

—r = & sinl~ &

|5

= & gip

Fquivalent equation
Polar axis: r = 6 sin{— &)

r= -Gsin #

Mot an equivalent squation

—r = &sinly — &

—r = 6isin weos § — cos wam b)

—r = 6sin 8

Mot an cquivalent equation
Pole: ~p = Gsin O

MNot an equivalent equation

6 sin{m + 6)

It

-
r= —fHsin b

Not an equivalent equation

Answer: Symmetric with respect to § = %

Pole: 5 = o

Mot an squivalent equation

2

FOED i S

t— cos{mw + B

2
ro " " o
1 - foas woos § — sta o osin 8
2
S .
P+ ocos @

Mot an cquivalent equation

Answer: Symmetric with respect o the polar axis

i r=deosc feos B doot 8

3

7

o="T  —r=dcot(~6)

S

Foe=doot B
Fouivalent equation

Polar axis: —r = 4cotlw — 8

Eguivalent equation

Pale: r= 4 cotly + #)

Eguivalent equation

o 5T
Answer: Symmetnic with respect 1o § = 5

pofar axis and pole
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317, 7= 16 sin 26

§ = (= rP = 16 sin{2(— &)}

ERE

ot an eguivalent equation

o

'y
7

i

o= taginlMr — 8
P V6 sinlle - 26

rE e 16 gin 76

Mot an eguivalent equation

Polar axis 2 = 16 sipl2{— 8
#hom - 16 sin 28
Mot an equivalent cquation

[~r¥ = 16 sini2{r — 8})

Pole: {—rf e 16 5in{28)
Eguivalent eguoation
Answer: Symmetric with respect to pole

19, Il = 11001 — sin 6}
= 101 ~ sin 8] < HHZY = 20

1o~ sinfl =2
I siry & == 2 oy Lo gin # = — 3
sin # = — | gin § = 3

Maximhm |7

roe b when b

sin 8 = |

ki
-

é}?“‘

ig,

i

o 25 cos 46
{~r) = 25 cos(4{~ 8)}

r? o= 25 cos 48
Fquivalent equation
Polar axis: r? = 25 cosid{— &)}
Foe= 28 cos 48
Equivalent eguation
Pole: {—#P = 25 cos 48
rroe= 25 cos 46

Fouivalent equation

- e .
Answer: Symmeiric with respectto § = 5

polar axis and pole

[l = |6 + 12cos 8] < |6 + 12 cos 8]

= 6+ [2lcos 8] = 18

Waxirnum: (#] = 18 when § = O

T dar

Zeror ¢ Dwhen 8 = e

@ Houghton Mifflin Company. All rights reserved.
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Section 9.7 Graphs of Polar Equarions

843

21. irl = |4cos 38 = 4lcos 36 < 4 22, r = sin 28

i

lcos 361 = irf = |sin 26]

—

cos 38 = 11

Manimum: |r] = | when § = -, -, = —
w 44
=02
i3 3
Fero r o= Owhen 8 = 6, T Zar
7w < -
Maximum: |rl = 4 when 8§ = 0, Y
Fo Dwhencos 38 =0

23.r=35 4. 0= B8, o= Ssin

§= w2
ﬁ‘r . . n
Cizcle with radius of 3/2

fa

(D
A

. or=Doos B 27 r e 31 - cos 6 38, = 41 + sin ©)
Clrcle Cardioid Cardioid
Radivs: booenter: {1, ()

k3
¥

[N
5o -

orw 3 — doos B 3. r=1— Zam # 3, r=4 4 Ssin

Limagon Limacon with nner loop Limacon

i

Symmetric with respect
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32, r=3 4+ bHeos & 33 r= 3cos 34 34, r= —sin 56

Limagon . Raose curve Rose carve

35 r = Tsin2d 36, r = 3cos 58 37, 5 = & cos 26

Rose curve, four petals Rose curve, five petals

K- S S . 39, = 25 - sin 6 4. *

1o 1 1%
: /f .
i et 2
2 BN /
L /
ek

' = 3 cas # s 6% Zn 2 B, pom e (3 z
41, r=3~Gecos & DS A2 42, : ,__..: &3 r R — &< 5
s bt»««n wmww B
S b ! ! i A
s L
w { N S
i T R S - 8
\\\M,J & /
E 0<6<2m A

-8 e 1
,/ I R e et CGraph both functions using
S— ’ ¢ 0<bs2m
4
G282 Qo 2 D 1
D
e
L rj |
T

© Houghiton Mifflin Company, Alt rights reserved.
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Section 6.7 Graphs of Pelar Equations

881

A7, r=4dsin fot s 0L 8

&

C“\; P

By, rom g4
o
Fras —— WWM 0

54,

ARG
1\"\_ _,,,,//
< 8« 2w

4%, r=2cc @+ 6

+ Ca ; w
BT, pf o= gin 280 < 8 < Py

BG r =2 — sec B

X

= — 1 is an asympioie.

7o i
£ i

{ .
UL S

R T ),
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¥ 5
sin & s

rein @ o= 2 sin 8+ 1 &

oll. FEldesc =2 F

rlrsin 8 = 2rsin 8 + r %

(= ATTH) = 29 + (= STF

e AT TR
= 4 g & ?
T
The graph has an asympiote at y = 1.
2
6, r=— 62, 4

é_‘i.

v o= 2 is an asympiote,

63, True It bas five petals.

£8. r = coslS6 + moos 8 O < & < o Answers will vary

4
e,
S
[;li U
& i/ / 5 &
A
o= -5 i
2
-5 3 -3
..../“/ul
o= = n
%
e,
& & 5
ot
5o 3 A

£

;
a
= 0
S S

)

False, For example, let r = cos 34

i

Y

Fi

~
4
= -3
//'\“
5
= 5

8 2 ([fi/;
n= -1
: RN
s 2 E“* — |
-2

€ Houghton Mifiin Company. All righis reserved.
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Seetion 9.7 Grophs of Polar Equations 833

&6. The graph of r = f{8} is rotmed about the pole through an angle ¢, Let (r, 8) be any point
on the graph of r o= f( ). Then (r, 8 + &) is rotated through the angle ¢, and since
po= LB+ ) - = f{@), it foilows that (r, @ + ¢} is on the graph of r = = (L8 — b

&7, Use the result of BExercise 66 _ ) ( o om
68, (&) r= 1 —sinl b — 1;}
7r . >

2} Rotation ¢ = — .

{2y Rotation ¢ 7 3

=3 - ‘*’_‘;‘““*{Sm g~ cos B
Original graph: » = f {sin 8}

- / 7

Yoy > TS o) (N QR

Rotated graph: L= f{—cos 8) by r=2 F“mi‘_é’% 5
i . L

(hy Rowation: o =
Original graph: = flsin 8)

Rotated graph. r = flsin{8 — @} = f{~sin 0}

3ar 4 7 ; {g 37}
(¢} Rotation: & = — (g r=12 S 5 ]

Crigingl graph: r = flsin 4)

3 .
%) = flcos 8

Rotated graph: r = f ( s-m( - —2“;

!

| P wy N
6%, (a) r= Z»mlzé G — } T fay v sin @

o o

\ g
= 7 sin| 28 - ”)
p 3 !
= gin 26 — JS3cos 26
ihy r=2 amE 2{6} 2;[ ‘
= 2 sin(28 -
= - ain 28 by r=1 Siﬁ{é‘ -}
4
= —d sint B cos § .
£ J, 7 o &.
T 2w
€y r= 2 31{}{.2{&8 Y ;}} o
\ X
4?7“
= 72si i2€ﬁ )
%
= S cos 26 — sin 28
(dy r=7sin[2(6 ~ o]

1

= 2 sind 26 — 2w}
= 2 sin 28
= 4 5in foog 8
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ko= 3

Limagon with inner loop

-3
kS

C
J

T, r=1 4+ keos &
k=10 E=1 = 7
Circle Convex lmacon Cardioid
4 &
€ T D’
- s -
FE oro=dsink B
{a) i (&)
i \v
. ST
. W
b
k= 15 0% 8«4 k=38 04 8« dar

Section 9.8 Peolar Equations of Conics

(¢y Yes. Answers will vary.

The graph of a polar equation of the form

ieu conic, where ¢ > (38 the eccentricity and [p! is the distance berween the focus {pole} and the directrix.

{ay e « 1, the graph 15 an ellipse.
ity e = 1, ihe graph iz a parabola.
(¢} e » I, the graph is a hyperbola

Cuidelines for finding polar equations of conics:

. " - e
{a) Horizontal directrix above the pole: r = — 2 —
I +esinf
e : ; ep
(b} Heorizonial directrix below the poie: r = o
P —esing
\ . N . ep
{cy Vertical directrix to the night of the poler »r = -t
T +ecos
L . ‘ - ey
(d}y Wertical directnix o the left of the poler r = —
i~ ecosf

Yocabulary Check

I. conic 1. eccentricity, e

3.¢ayi (by i {cyu

& Houghton Mifflin Company. All rights reservad.
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Section 9.8 Polar Fguations of Conics 855
de :
1. r o= e - " Z. (ay Paraboia s
P+ oecos B T 1 i
y 7 b) Eilipse ‘ -
() Parabola - % el (b) Eltipse 8 St
P o} Hyperbola BN
{b) BElipse - ' ] ©F Rypernoie -M_mm",_;l}m

{3 Hyperbola

2

3_ o T—»_,_m____w
T — esin é
{2z} Parabols
by Ellipse

ic) Hyperbola

- ocos 8
¢ = | = parabola
Yertical directrix (o left of pole

Matches (b

3 3/2

TAhcos s 1L/ 2ens B

! .
g = o o= ellipse
'Z 3
Vertical directriz 1o vight of pole

Matches {f)

[ 2 M — L oro=
T s e ’
e = | == parzbola €
“ t{"'( TF\’
Vertex: i“z,. ;}

Marches (a).

4 ]
13, r = = e -
T A T sl 1 - {(1/dycos &

;
o = - p o= 4, ellipse
€= 3P eilipse

Vertices:
f4 N f4 N
L8 = O Lo
(. 8 {% ,} {ig ]

&, (a) Parabola
() Ellipse

(¢} Hyperbola

6 - 3 3/2
T2 —cos 8 L (1/2cos @

! .
¢y = ellipse

Vertical diveciriz o teft of pole

Matches (o),
R
T dgin B
e = 3 = hyperbols

Horizontal directrix below
the pole.

Matches (e

z

P —cos @

= | =» parabola

¢ = 2 = hyperbola

Horizontal directrix above
the pole,

Matches (d).
.

b osin #

g = 1 == parabolsa

Yertex: {1, w/2)
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i6.

i8.

A1 N

23

6 z

g — N -
I-Zeos§ b~ (2B cos b
¢ o= = == ellipse

6
Yertices: (6, 0, ;;5 w)

T T Y 2cesh 1 —2cos

5 00
Yerrices: (5, 0, (*% ';mj

J

0 /3
34+ Gsind 1+ 3sin#

Wertices:

wo=[3-5F)

14

is.

17,

1%

P4+ 17 s;.i.r;é
B 1

1+ {17/14)sin 8 -

Hyperbola

R 2
TS Ssn6 1+ (3/4 sin b

3 .
e=7 = ellipse

Vertices:

3 o 3/4
4~ feos 1 - 2cos b

7o

¢ = 2= hyperbola ¥
Hyperbola

Vertices:

VoLt
0 t-. =

L} L

—1

22 r = s
’ T4 dsin §

Hyperhola

"/

2
3 e 3
L
Eg
i2
P - 16
2o ros 8
frriT e
Eillipse i3 i

,«

v

£ M\\
o
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Section 9.8 Polar Equations of Conics

s&Y

25,

28,

31,

g,

Le=lrx= —Lp=1

Vertical directrix to the left of the pole

o 1(1) _ }
J - lcos @ 1 - cosd

Horizontal directrix above the pole
a/nn
1+ {/Dsing 2 tsin

¥

Le=2x=p= ]

Vertical directrix to the nght of the pole

L)) 2
rT P 2cos B 1+ Jcos@

{ ’jT
Verien: (\ t, *”2*) [ S E»f? = 7

Hearizontal direcirix below the pole

z } 26.

9.

(1

M. =

4.

W

27, s

Horizontal directriz below the pole

14} 4

o=

3
e=Sox=-—Lp=l

YVertical directrix o the left of the pole

3/ B 3
b {3 2vcos 8 2 — 3cos @

Parabola, ¢ = 1, vertex: (%, ()

Vertical directrix to right of pole
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. ( '
41, Vertex: (5, wh == ¢ = Lp = 10 42, Vertex: \f{}’ 5) w e o= bop o= 20
Wertical directrix to left of pole '
l e poie Horizontal direcirix above pole
1) 10
LT 120} 20
P-teosd @ —cosd = X = :
P lsin@® Lt sind
. 2 I H
43, Center 4, wh o =4, = H,¢ = 3 44, Center: 1 1, ?)& c=l,a=% e = 7{
Vertical directrix 1o the right of the pole Horizontal directrix above the pole
{2/3p 2z 3
TTTE é:ri/"%i;p 8 1+ o g )" S
SRR A P+ (/3 sin @ 3 +sin @
i Ip
T e wroobe m o 5 P
3472 5 L om el
cos (1 ‘,? T+ sinln/2)
l{‘%
L e ——— e 8
3+ 2cos B d
B
FOE s
3 4 sin 8
. I s . I . 5
4% Center: (8,0}, c =8, 0= 12, ¢ = ~ &= < 46. Center: © 5, ***), c=5a=4¢=-
a 3 .2 4

47,

YVertical directriz o left of pole

/3p i
Tl - (2/Ncos@ 3 Zcosh

AW i = 2p = p o= 10

Center (i ff”% A j . i oo
Lenter L5 Z;" oo % g = 5 g =

Horizonial direciriy above the pole

. (5/%p ~ 5p
T+ (5/3sin# 3+ Ssind

L . { -3 3
Substitute the point | I, ~—2;-~) rather than | — 1,

in order to get a directrix between the vertices,

= &4

C 3+ S5sini-3w/2)
.3

7=

H
M
3 Bein # "% + Bain &

Horizonal directrix below the pole

B {5/4)p B Sp
P - (§/djsin @ 4~ 5sin g

P A

4 — 5 sin{3n/2)
L2
P75

O
4~ 5ginf 4 - Ssin g

T 3 3
48, Center: (é T) c=Sa=ge= =3

22
Horzontal direcirix above the pole

/3p .5

T Y (5/3)sinf 3+ 5sin b
28
3+ Seinlan/2) P T
o 8
T3+ Ssin 6

© Houghton Mifflin Company. Alt rights reserved.
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Section @8 Polar Eguations of Conics 838

49. When =0 r=c +a=eca+a=all +eb

123

%

Therefore,

[z{ 7o+ g} we m«wgg»--
' P poos

wlt + et — el = ep
flé E e g’z} = 6?.?.

ep - et

Thus, r = v = "
I —gcos P—ecos 8

[ - (0016717192.956 x 10°)
1 — 0.0167 cos #

Cp - 00167 cos 8
Berihelion distance:
ro 02056 = 105(F — 0.0167) = 9.1404 « 1Y
Aphelion distance:

F o= 92,956 % 105(1 + 0.0167) =~ 94508 = 107

{1 — 0.04847)77 841 x 1’
1o~ OGB4 cos 8

Fom TTRAT % 10U(1 - D0484) == 74073 x 108 km
Aphetion:

po= T RAT % LT 004843 = B1609 » 10 km

Lo o= 4.49% x 1Y e = 0.0086, Neptune

(1 — 0008674498 x 107 _

50, Minimum distance occurs when § =

e (1 — e)(l + ela
_(i-a _U-dirda_ o,

P4

I — ecosw
Maxirmum distance occurs when § = O,

(- eNa (1 =i+ ea :
1o Lz etl teja all + ¢}

r:“‘ "._
P o— eoos -«

£ g o= 35 UH% « 105 ¢ = (L2036

i 02056 cos &

3.4462 x 107

T - 0205608 8
Parihelion distance: all — ¢) = 28585 x 107 miles

Aphelion distance: afl + e} =~ 4.3381 x 1Y miles

84, g = 147673 = WV e = 0.0542

{1~ G.05427(142.673 = 10
1 — 00547 cos &

14225 < 107

- 1 - 0.0547 cos B
Perthelion distance: all — e = 1.3494 x 107 km

Aphetion distance: afl + ) = LML * 1 km

4.85977 = WF

ta) Neptune: ©= TR B0k cos 6

{1 — 0.24887)5.906 » 107

1 - GO086 cos 8
55404 x 107

Plutg: ¢ = -
ueos 100488 cos B

b (.24%8 cos 6

(b} Neptune: Perihelion: 4.498 TS — D0086) = 44593 x 107 km {cy e 3
Aphetion; 4.498 x 107 + 0.0086) = 4.5367 » 10° km /ﬁ’;m ”_”\j_ﬂ )
Pluto: Perihelion: 5.906 x 1091 ~ 0.2488) =~ 44366 x 10" km s 3{ }
Aphelion: 5.906 x HP(1 + 0.2488) = 7.3754 »x 107 km T T ’

(dy Yes. Phuto is closer to the sun for just a very short time. Phito was considered the
ninth planet because its mean distance from the sun is larger than that of Neptune.

(e} Although the graphs intersect, the orbits do not, and the plasers wor't cofhde.
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56. (a) Radius of earth ~ 4000 miles. Choose 7 = _m_.,__fgjm “““““““““ ,
Vertices: (126800, 0} and {4119, 7}

= 554585
5 ;

il
o
Ln
B
Lo
o
(¥

|
B
(]

|
o
ol
[}
I
i

¢ 613405
g T B e 06.937
g 6545958

ép . ap ep . ep lep

g = s + .
t-eoos 1l —ecoslm 1—e 14e g

all — &% ep T9RE .

Thas, p = ————— »= §525.7. Thus, r = e -,
Hs P & Aoz i P-ecposd 1 — 093 cos 8

(v When 8 = &80F r = 15,079 and the distance from the surface of the earth 1o the satellite is
PE,079 -~ 4000 = 11.029 mules.

oy When 8 = 30° = 42,370 and distance = 38,370 miles,

y —4/a 16
4 43 58, 2 =

TS T 3sing 1+ sind o — dood g;)
t ! A
Y !

& or

False. The directeix is balow the pole,
False, The graph is not an eilipse.

(It 15 two ellipses.)

) i 3 el
& ¥ Xty
59 . 60. .
at b at b
rloost 8 #lsin 8 Fooest 8 ran’ B
= - e ESI 3 - } 3 =
e Bt i ¥

ricos? B A1 - cos® O)
at Bt

Poost & Pl - cost )
=1 @ B

= f

. N . . FE el £ eRad o Eed e 5 BT
rIhl ot 8 + rgE — plateogt B = g0hY Fhhrost § — Fal b rratcost 8 = ah

e TN e P R T
. s . Lo o e - 1 2a) = g2t
FAb — g cos? 6 + iR = o0h rUE - oot 8 - o b

R
2 [ A A A

For an ellipse, ¢ — % = — ¢ Hence,

i 2 3.0 -
et Cost § o rrar = athe

—riet et 8 4 rlut = albl?
£ e
N . o 042 . . ¢
N ) o & =T cog” 8 — 9 =Y e =
Wri(“} cost B+ ri = b e = — La) o o

it oog? § 4 pl o= B

P — e cost §) = B

€ Houghton Mifflin Company. All rights resarved.



© Houghton Miffiin Company. All rights rasgrved.

Section 9.8 Polar Equations of Conics

481

&1,

4.

&7,

L Cemer: (vl = (0,0}, ¢ = da = 5=y

2 2 ' i
2oy 62 5 =y

AR S
169 144 9 16

5 )
gw 13, b= 12, 0= 5 ¢= 7 a=73%bw=dc=0eT

144 24,336 —16 144

!.2. = Fe=

1o (25/169) cos® @

o
i
LA
e
il
Ean

~

i

L

5

Ii
e | e

B ) 31] 406
ool 81— (G/25)cost 8 25~ Goostd

7 g
Xty

— b —4 36

2 —r _—

T a1 - 10/%cost 6 10cos? B - 9

44
1% cost § - 18

B=g -t =35 16=9 = b= 3

b 9

I~ &% cos? 8 Ty - (16/2%3cos> 6 25 — |

4

T Ei“mﬁgum #
Vertieal directrix to left of pole .

(hy r=— -
(ay e = 04 == cllipse P+ Gdens §

WWWWWWW & : Vertical directrix 1o right of pole

; ™, | Graph is reflected in line 6 = 77/1.

"gt ., . j—_?‘ ! " A P jJ # A

1 R T \5\?:/_/ i R I
A R

Horizonial directriz below poie

O rotation counterclockwise

169 — 25 cas? 8 T - (35/9 cost B 25008t 8 -
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6#, The lengths of the major and $2. Answers will vary. 70, p=asin i+ beos 8
minor axes increase ag p

| ;’? =grgin 84 broos @
IRCTEAsEs,

24yt =gy b obx

Example: 7=
} Circle

L+ (0.5) sin 8
Y T TE Goosx — 2= 1 73 2sin’ & =

tan § =

b= -

T4, Gpescty - 0= 7 98, T oty = 5 Cos— 76, D sec 8= 2eose —

oot x = Zootx = 0 SIsec b= 2

oty == secf = 2
sintx = o

Bip o=

i Dar
Ll S T
3 &

N ‘ 3 4 i
For Exercises 778y sinw = —=, 0088 = -, €08 v = =, 8l vy = — ~5
: [ {F '3

- £ /
E - ~ R

Trocosly & v = cosuoosy — sinusiny T& sinly 4 v o= ginwoos v b osin v oos K

T8 sinfy v = SR COs Y — SRV OOs 2 8¢ cos{uy — vi = cosucosy - sinusin v

/ 1 }g’

) - (3

v

o

b

T

N ke

L

8L 0, = 220 82 Cre = 153 83. P, = 720 84. L, P, = 812

© Houghton Miflin Company. All righis reserved.
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Review Exercises for Chapter Y

#63

Review Exercises for Chapter 9

LFe
B

AV

£, Radius = J{~3 ~ @

VI 16 =

e

S35 =

I

o7

(-4 0F

f S
Radins = = /{8 — [~ 1J1* + {6

Center:

Fadius:

i
N
[
=]

0,05
6

[6x® + 1yt — L6+ 24y — 3

160x2 — & + 1)+ 16(y7 + v +

Cenier:

Radias:

Ax + §x + 16) + 4(y7 - 6y +

Center:

Radiug:

16l — 4F 4+ 16y -

(.-

1
£

3
T4+ 9
16

51 =0

9) = 31 + 64 + 36

Alx + 43 4 4ly - 3 = 49

(x + 47 + (y = 3) =

(—4.3)

[N

Center: ({3, O

2
Radiug: ~p = —>—
\/’ h



&64  Chaprer 9 Topics In Analytic Geomelry

G (b dy A 4) (Y Gy R 9= 3449
(x =2V -+ {y+3¥ =16
Center: {—2, —3}

Radius: 4

Bi. r-intercepts: (x — 3P {0+ 1P =T

E'% + 5. Q}
yeintercepts: (00— 3 + (v + 1P =
(v + 1} = =72, impossible

No y-intercepts

§3= 4-,{ - \f-: i {}
'\;3 = 4{ ‘i},{‘ p o= ;

YVertex: (0,0

Focus: {1,0)

Dyipectng, x = — | a4

15, 4y2 4 18 = 0

Verwex: (0,0 ¢
Foous: {(—9, )

DHrecinig: x = 9

s e 4

B (x? + 8x+ 16+ (v — 1y + 25 = § 4+ 16 + 25
fr+ 4+ (v — 5% = 49
Center: {(—d, 5)

Radmg: 7

12, cintercents: [x + 5P + {0 — 65 = 27

{x + 5§ = — 4 inpossible
KMo e-imtercepts
0+ 5P+ iy~ 62 =127

(v —6F =12

priHETeepty:

" I
¥ m a2yl

Verten: (6,05
Focus: (0, —2)

Prirectrin: v = 2

16, Ly — &x% = 0

T e
B = gy

2. (L !
XU sy T Al p T o

Vertex: (0,0 .

Focus: (0, t5) .
.

N - H N
Directrin: v = -5 2

@ Houghton Mitfiin Compary. All fghts reserved.
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Review Exercises for Chapter 9 865

17, Vertex: {08 18, Verex: (4, 2)
Focas: {—6,0) Bocus: (4, 0)
Parabola opens o left Vertioal axis, p o= — 2
vyt o= dpy {x = 45 = 4-2{y ~ 2}

y = 4= 6 (r — 4 = ~8(y - 2)

il
}. Z

It

— Fdx

19, Vertex: {—6,4) 248,
Passes through {0, O
Yertical axis
fx + 6F = 4ply ~ 4}
(0 + 62 = 4p(0 ~ 4)
36 = —l6p

, [r ! ,
2ox? = =0y = 4] - i}, g 2. o=t

Foous: ( -

Let (B, 0) be the x-mtercept of the tungent line.

i-intercept (8,43}
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23. & = dply ~ 12)

{4, 10} om curve:

16 = 4p(10 ~ 12 = —8p = p= ~2

4. () Parabols

Cirele:
Passes through (04, O}
Radiug: 7= ¥

Center: {0 1)

o w2
R =
3 16

Ceprer {3 O

Vertices: ({3}, +4) v

w0 = 06 = oy = 406 o width is 8.5 meters.

(b} Parabola:

et

d | 2OTE ) 274Y ) L1821 1262

Center: (0, 0
Vertices: f3, 0

Foct: (1,0}

, _ I
Pecemricity = = = =
e

& Houghton Miflin Company. All rights reserved.
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Review Exercises for Chopter 9

67

Vartices: {4, — 1), (4, ~7) ] St

Foci: (4, —4 + /3) =

39, (8) 160 — Zx + 1)+ 97+ 8y = 16) = — 16 + 16+

{ts)

[ v‘;?
e
b 4

36, (ay 407

by a=5b=2c= /21

Center: [—2. 3}

Fock: -2+ J21,3)
V21

Fofay Mat o+ dx b 4] v By My +49) =

e 4 28 = By — T =

—CONTINUED—

28,

SN S s

i = i
s} &

’f”: = - N
a=d b= Jb = 16~ 6= /10
Cepters {1, %)

Yertices: {3, 33, {4, 3)

{ e
Foci ( """ [ w%(} %3
V10
4

Focentricity = — = -
iy g

144 {ch

(<)

- 405 12+ 392
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3. e CONTINUED—

{by Center: {— 2,7}

!
Vertices: { -k
5,

Foct: ( -2

5,

Eocongricity: — =

v

sy o+ )

I

33, Verices: (25,4}

Foci: x4, (1

g om B w4 oo s ¥

x
a5

B

(5/9F | v+ 3P
(574}

34, Vertices: (0, £6)

Passes through (2. 7
Vertical major 318

Center: (8,0 o =6

4, 1.8
B g g

® Houghton Mifllin Company. Al righls reserved,
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Review Exercises for Chapter & 869

35, Vertices: (3,00, (7,6} 36. Vertices: (2,0, (2.4}
Foci: (0, 0% {4, 0 Foci: (2,13, {2,3)
Horizontal major axis Yertical major axis

Cegter: (2,0 Centers (2, 2)

= 5«!{:"::}_? flmx..t{-‘::'is
T ot = s \/—2{ é} = «Vféi" o= \,'f%

{x - hy . (v — k) - {x — )2 . {y - kY _
@ b

¥.oa=58b=d o= Job - b= Ji5 - o=

The foct should be placed 3 feet on either side of

. ) Longest distance: Za = 2{i8) = 36 feet
the cenier and have the same height as the pillars. & (o)

Shortest distance: 2k = 2{14} = 28 feet
e w o gt — B o= 128

Foci: (+8.2,0)

Distance between foci: 16U/2 = 22,63 feet

39, o - ¢ o= 13495 x 1P & g = -— = 36

e =5 = 02056 = ¢ = e = 7.4016
)

Then

o= L5045 % 107 — 1427 % 107 = 0.0775 % 107

B gt o= 36 - TAD16 = 12412

:
P A—

O 1296 12412

4t (a) 5% — 4t = 20 (<)

Fo e D 2=} N
4 5 .

— L

“= ‘/“4 - S = /; .3
Center: {0, 0) /\

Vertices: (0, £23

Foci: {0, £3%)

. . o
FEocentricity = — =
a

P ] ied
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. G 3 .
23 e ppd omm— A E- T e -
42, {2 X ¥ 4 by a 2&’9 , {ch

¥ pt 94 M
e Y o c= /242

D430 (a) 90 - T+ 1) - 160+ 2y B = 151 4 9 - 16 ()

9x — 132 — 16(y + 1)F = 144

I .

16 G N <
(by Center: {1, —ij,a=4 b=3 =5 -
Verrices: (5, — 1L (—3. — 1) Z

Foci: {6, — 1), {—4, — 1}

5

Hocentricity: 3

tby Center: (— 1, -3La=2bh=§ ¢= e

Vertices: {1, ~FL{—1, —35) Tk

Foci: [—1, -3 £ /28
2
Eecentricity: ---‘i_.?__..

@ Houghton Miflin Company. All rights reservad.
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Raview Exercises for Chapter 9

45, (a) (V2= Iy + 1) - 402 + 120+ 36) =
(y — 132 — d4{x + 612 = -

~

(x+6° (y -1
(101/2) 702

(by Center; {(—6, 1)

s

{13
s = -

5 beo= M2, o0 o=

46. (3) O — 8x + 16} — {y® — By + 16} = —~ 119 + 144 —~ 16

9~ 4F ~{y~ 4P =

VI R
R

iy Center: (4, 43
a=bb=3 o= JIb
Vertices: {4 £ 1, 4% {3, 4% {5, 4}

o 5

Fock: (fe oM 4

4’7‘ Lr;, B E

48

_

. Vertices: (0 + 1)
Foct: (0, £3)
Vertical ransverse axis

Center: (4, 1

e 3:?
o e
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48, Fooi (D008 0) = ¢ = 4
Cenger: (4, (3

Asyroptoies:

= 1 RE.G00(0.0005)

(21
ol
S
[N

56, Verscal mangverse axis

Center: (3,0 = ¢ =1

(Zhy* + b7 =4

bj— i

o 485
{=HHE R

PR

T332 miles north

I8
s2h0 )

. Let the friends be ar B and O, you ar the origin A. The sound at O i heard 2
. g - . 7
fhugs,a =g, ¢ = 2and P = 2~ @ =

LHOHE Gy

A

60, 0y

MNow place the center at (1, ) and determine the second hyperbola.

¢ o= b oand A2

(257647 {39784}

i

[
A ‘ [ <
& x e

© Houghton Mitilin Company. Al rights reserved.
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Review Exercises for Chapier 9

B73

L

&7.

Ay - 1+ By 229 =0
ok - b+ Ay o+ 2P+ by o+ 9 = — 29 1L+ 18
3o - 27+ 2y + 3 =

FHipse

4x7 4 Ayt e dx b By — 11 =0

et 4 2x b Fp - 2T e By + Iy =

S+ 1P Uy P =

(y+ 1P L+ 1p
7 {14/5)

Hyperbola

G, —4yr 4 Sy o+ Uy + 7 =0
A=0,C= 4,40 =40

Farabola

O R

Hyperbola

T T AU T

B yE

St b

1/4 tia
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H.

&1.

. Sxt = Zxy b

Syf — 12 =0
A=S5 A= 30 =5

Etfipse

- pra

4 -4 7
S 2(} = —— oz £} B o e
oo 2 g = 8 3

e+ (57

Farabola

{aj B~ 440 = {—8F — 416} = 0
Parabola
thy vt + (5 — Bxby + (1660 — Mg = ()

oo B o5 5 = #x? - a(16x? - 1)
b

£

(el

.'(XJ
Sx% — Ixy 4+ 5y¢ = 12
e gia

%[mm(f"‘ v o= 12

= 12

4’y + 6y = 12
(LN S

i

= dx R P - G PR e Gy R D T T -y Oy = 0

RV + 16 4+ 2y =6

= =l W fx

62. (a) B? — 4AC = — 300 = Eliipse
) Tyt~ Sxy + (1327 — 45) = 0
o Bx Medd?) - A(TH(1 37 - 45)

N,
i

© Houghton Miffiin Company. All dghis reserved.
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Review Exercises for Chapter 3 8§78
&3, (ay B - 4AC = (2R - 41 =0 () -
o - o H\
Pas&&@& ) ) \\\ \%
By v -2+ @+ 22+ 2 = 0 ~ |
" ) Y T 145 0
- Sl -2 /3P Al ¢ 220+ ) b
! 2
Gd, (ay B® — 4AL = 100 — 4 68, Adding the squations,
= §6 » {§ = Hyperbola Zhy ¢ 240 = 8 =» £ = — 10 Then:
by ¥~ Wy + 2+ 1) =0 HE00Y + 7 - 360 — Zdy o+ 34 =0
;= 10r = /100 — 40x* + 1} ¥ = 24y b 144 =
.‘; - f} N
- (v - 122 =0 = v= 12
b SO A
- 10x £ /96 ~ 4 Sotution: {— 10, 12}
’ 2
y = 5x & S =T
(¢} ;
i
¢
4 Bt E

a6, dx? + 4yt =1

4x? + Gy = 100
4%+ 9x — 100 =0
(x — &}dx + 25) = 0 => x =4, ~%
W =4
4y? = G4} = 36

Ifx= —% 9(~%) = 452, impossible.

Answer: {4,331, (4, — 3}

68. k= Sy =8 — ¢

IS I I A 4 3 4
v BTG 5 41

4

e b o &
F—nf

.0 T2 1l Tilz2 13
x| ~& - 5y - 2lip4 17
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=2t + 5

P by

et
i~

‘paalese: SYBY iy Audiuon Uiy LomBnom @

-

i
5
77 x

] i
) :
P .

deap

. b L
ol am oy 7
i T
i . "
it i
! it it
3 i por
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Review Exercises for Chapter ¥

B

T8,y t

81. x

i
u.+.‘
&

B2 x =

f=x 4

P4,y =1t

vo=lx — 4)7

86, x =3+ Jcos by =1

Y
3

b= sin g
s g = ST
& 3 L

Line

80. 5=, y = Ji

fomr oyt

+ Ssin B

L F s

Yerical Bne v o= 3

!

B, x = Goos By =Gund

by i
A &
e TR

87. v o= by + 2
x o=y [T
o 6 + 2

X = i,

{ither answers possibie
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88, x =1, v= 10 — ¢
= oop y= Mg

MMany answers possibie

G, ¥ o= 1, Yo

or x5 oy = 1%

%6, From Exercise 95, v, = 3423
x = GBAH54.73) = 44.47;
y o= 7+ 0.57(54.23) — 167

s 7 b 3Gt - (627

99. (z

S

19
k)

89,

9.

&7, From BExercise 96:

y o=t 42

F=Ly =82

x o= IR 2= 2

Cither answers possible

{941, 471 is on the curve:

GO = 0BT, = v, =

{.82¢

- i

-
4= T+ {;.57{ Jﬁwif — 1657 ==

571
if_’}?l e ’% -+ gm —

;e T IYIA
083 £ (¥24

Hlence, vo = G 55r0. 104

8. Prom Exercise 95,
roe= 200 secomds.

The maximom height 18 approxi-
malely 21.9 feet for 1~ (097,

Py e = 5423 ft/sec.

£ Houghton Mitllin Comparny. All rights reservad.
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Review Exercises for Chaprer @ %78

= LS e T 166,

k3

B
P 7
6%

5wy
17, (2 };f

2
X peos i = ?;(5)' ==

. i : t it 7oy 4
¥ = rsin § = 2(%{—} = /3 T

P

(e, vy = (1, 3]
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Fapics In Analytic Geometry

3y

_} 109. (. 6) = (3.7

)

P

10, (r, 8) = 0,

) the origii TEL. {xy

# B S
%4 X : @,;}: i
$ "4

(5,126.877).(—5.306.87%
oF

[5.2.214), {—5.5.356) A R

kS

. 4T §
{racdians) .

P (—3R 3= 12 = r= 205 LR

€ Houghton Miftin Company. Al rights reserved,
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Review Exercises for Chapter 9 881

115, 2+ 52 =9 116, 2 + 2 = 20 P17, %+ 37 - = O 118, 2 + 32 = 6y

= frsin 6

"
o]

=9 pro= 20 Fhoe droos B =

ro= 3 P 2\/’% pom dooos 8 rows fsin @

119, xy = 5 124, xy = =7
{rcos Birsin @ = 5 (reos Girsin §) = ~ 2

rt = 5080 8 sec P - see Gosc B

125 At +y = 122 R

dreos 87 + Gran 8 = Ureos 7 + 3rsin 6F = |

dricos? 6 + rH] — cos* ) = 1 PUD cost g b 3sin? 6) = |

=
r3cos?f + 11 =1 PR - ant 8+ JuntE) = 1

3

SR P2 4 osint ) = 1
Jcost B+ 1

123 row 8 124, r= 12 128, roe deos 8

g4 y? = 50 = 25 w144 rt= droos 8

Circle Circle x4yt = Gx

126, r= §sin # 127, rtomoons 28
P 8rogin 8 o= 1 - Zsint 8

g byt Gy o et e 2t st B

4
128, rl = sin # 128 4= =~ 134, 9= =

7= rsin 8 |
g Ao e e )

7+ v =y or ¥ 3

¥

(x7 4 y2)F = P R o v o= JAx

131 o= 5, cucle E32. r = 3, cicle 133 8= — veanis

ra |

ES ®
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134, §= — ?; fing 135, r = Scos 6, clicle 136, r = 2 sin 8 circle
137 r =3 +4dcos 8
Dimpled Bmacon i
Symmetric with respect 1o polar axis ( /\\
ris maximum at & = O (r, 8 = (9, 0) S e
ro# G (Mo zeros) Q\//
138, r=1 -+ 4dsmé
Lumnagon with toner loop
Svinmetric with respect to § = %
I
[ri is & maximum at § = L f‘ﬁ jfi :
o ] . s
F={0whenpdsind=—1 == sind= — ) mab o o 3004 GRS
i3 r=3—53m ¥ z
Limagon with loop
Symmetry: line # = 7:
. - N Im
Muximum {rl-value: {rl = § when 8 = -Z
)
Zeros: v o= O when 8 = (.0435, 24981 {m* = q}
144 »r =2 — oo b

Limagon with inner loop
Symmetry: poelar axis

Maximem: 1r] = 8 when 8 = »

Zero: r= 0 when cos § = 1 =» &= 1231,5.052

& Hougivton Mitin Company. All rights reserved.
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Review Exercises for Chopter & B33

141,

P42,

143,

144,

145,

r=-3cos 28 02 < 2w £

Four-leaved rogse

. L T .
Symmetric with respect (o # = Ex polar axis, and pole

, H
. i . . 7 3w
The value of [r] is a maximurm (3) a1 § = 0, T
et ot

‘ 7w o 5w T

Foan or § s o, o o e
474 47 4

ro=cos 56
Five-leaved rose :
Symmetric with respect o polar as

. . . I o
7| is mazimum value of 1 at ¢ = = UL i,

r2= 5 gin 26

Lemniscate

Symmetry with respect (o pole Q

Maximum |7|-value: /5 when 8 = —,
&

- : 7w 3w

Zeros: ro= Qwhen 8= 0,5 m 3

- .

e A

Lemnisoate

]

H

Symumetry: Pole, polar axis, and ne # =

)

Maximum: vl = [ when 8 = O, v, 2%

- . . i
Zeros: row Dwhen § = -

: {
o= —»»-»»»A—w?:-ww - (df, = g o 7

I — sin @ L+ 2sin 6’
e = ] Hyperbola symmetric with 8 = /2 and having
Darabola vertices at (1/3, «/2) and {~ 1, 32/2)
& 3
: &‘g ;’H
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147,

149,

151,

5 a
Elipse
5
Fomm e 7

&+ 2 sin &

£

5/6

Wertical divectrin ¥ o= 4

Vertices: (5, 00 01, ) = g = 3

One focus: (0,0 =2 ¢ = 2

|

I
aed | b

LA

|

!

3

(2/3)(5/2) s/
(2/% I - (273 cos 6

4. Hyperbola: r = "

I +ecosé
Vertices: (1,00, (7,0} = o =3

Ome focus: (L0 == ¢ = 4

@ mE e WE e o—

b= e
a % 1+ (4/3)cos
(4/3)(7/4) 7/3

SRR

3o Zeos

& _ -8
-1 +docos & 1 —dcoosé

148, r =

Hyperbola (¢ = 4)

4

3 o 3/4
4 —deoosd 1 —cosé

158, 7=

Parabola e = 1)

T

=

L tat i
—

—

<&

ep
152, Parabola: r =~ e g
b+ esin @

i

Yertex: (2

ra |

5
]
Foous: (0,0} = p =4

— 4 i
i osin #

© Houghton Mitfiin Company. All rights resarved.
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Review Exervises for Chapter & 888

188, ¢ = (.0493

. ep
T
e f o ecoy f

0.093p 0093 _
P 6093 cos 1 - 0093 cos 7

)

= [, 383 astronomical units

1.512 , . .
Aphelion: T ?;f}% = | 667 astronovrical unirs

186, Use r= e
e sin &

¢ = 1 {parabola)
A

L= 6000000

{horizontal directrix below pole).

po ’g = 6000000 = p = 12,000,000
W .

{—
P %ifﬁ_"'“ }}

= Gi876p = 305 = p =~ 638, ep =~ 1512

187, False, The v*ierm is aot 158, False. There are many zeis 159, {(a) Vertucal yranslation
second degree. possible. For example, e vy .
= ’ = e (b Hhovizontal ranslation
=y =3 -0 o S .
: {ej Reflection in the yoaxis
=35 =3 6L

166 (8) Major avis honrontal
vy Chrele
ey Ellipse is flater,

(s Horirontal translation

162, The onentation of the graph would be reversed.

1al.

163,

(¢} Parabola opens more slowly.

The number b must be less than 3. The ellipse
becomes more circular and approaches a circle
of radius 5.

{ay The speed would double,

(b} The eiliptical arhit would be flatter. The length
of the wmajor axis is greater
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Chapter 9 Practice Test

1. Find the vertex, focos and dimc:mx of the parabola x* ~ 6x — 4y + 1 = 0

2. Find an equation of the parabola with its vertex at (2, — 5} and focus at (2, —6).

% Find the center, {oci, vertices, and ecceniricity of the ellipse 7 + 4y? — 2y -+ 32y + 61 = Q.

4. Find an equation of the eilipse with vertices {0, 26} and eccentricity ¢ = ;

%, Find the center, vertices, focl, and asymptotes of the hyperbola 16y> — x* ~ 6x — 128y + Z31 = 0.

&. Find an equation of the hyperbota with vertices at (£3, 2) and foci at (+35, 2},

%. Rotate the axes to eliminate the yy-term. Sketeh the graph of the resulting equation, showing both se1s of axes.

St o+ lxy + 5 - 1 = 0

%, Use the discriminant fo determine whether the graph of the equation is a parabola, ellipse, or hyperbola.

(ay 6>~ 2oy =0 by ¥ +dxy + 4y~ x~y + 1T7T=0

For Exercises ¥ and 19, efiminate the parameter and write the corresponding rectangular equation.
G ox=13 - Zsinfyv= 1+ Scosd W oxo= g%y = ¥
11. Converi the polar point { /2, (37)/4} o rectangular coordinates.

. Convert the reetangular noine {73, — 11w polar coordinates.
I FROE

b
ed

13, Convert the rectangular equation 4x — 3y = 12 to polar form.

14. Convert the polar equation ¥ = 5 cos 8 to rectangulas fonm

i45. Skewch the graphof r = 1 — cos #

16, Skeich the graph of v = 5sin 24,
17. Sketch the graph of r = S —

& — cos 8

18. Find & polar equation of the parabola with its vertex at (6, m/2) and focus at (0, O},

© Houghton Mifftin Cormpany. All rights reserved.



